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ABSTRACT
This thesis presents an approximate method for analysis of dense 
spaceframes. The approach is based on transforming a dense spaceframe 
into a similar structure with lower density. The reduced structure is 
analysed in the usual manner and the results are employed to obtain an 
approximation to the behaviour of the actual structure.
To assess the accuracy and limitations of the proposed method, a 
number of practical examples are analysed. The influence of irregularity
of loading and support conditions have also been investigated. A
comparison of the results obtained by the method with those obtained by
the exact analysis has shown that the accuracy of the method is
satisfactory for design purposes.
In generating data and organising graphical output for the
examples, the concept of form ex algebra together with its programming 
language Formian have been utilised.
The application of the method has been extended to composite
spaceframes, consisting of skeleton double layer grids combined with
concrete slabs.
The proposed method is a natural engineering approach. It
preserves almost all the particulars of the original structure but allows 
the analysis to be performed with much smaller systems of simultaneous 
equations.
The method has the potential of being extended in many directions
for analysis of other space structures. Also, i t  would be of interest to
extend the idea to the dynamic response calculations and non-linear
analysis of spaceframes.
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CHAPTER 1
INTRODUCTION
With the fast development in computer technology, the capacity and power 
of the computers are rapidly growing. Consequently, the engineering 
potentials in creating complex structures are progressively increasing. 
Nevertheless, the analysis and design concepts of the complex structures 
pose significant challenges to the structural engineers. Amongst the 
challenging problems to be faced are dense spaceframes. Some of these 
structures contain so many joints that their analyses become impractical. 
The presentation of a technique for dealing with this problem is the 
objective of the present thesis.
Space structures have proved to be suitable for covering large 
unobstructed areas. The application of these structures now ranges from 
sports stadia, maintenance hangars, industrial buildings and exhibition 
halls to floors of multistorey buildings and bridges decks. Also, with 
the advent of the space shuttle, the potential applications of large 
spaceframes promises to be important for orbiting structures [26,40].
Double layer grids are a particular type of space structure. They 
consist of two parallel plane grids forming the top and bottom layers, 
interconnected by web members. These structures may contain several 
thousands of joints and their analyses involve solution of large systems 
of simultaneous equations. The magnitude of these problems may lead to 
unacceptable analysis cost. A large number of approximate methods have 
been proposed for analysis of spaceframes. Each of these tries to 
simplify the analysis using a different approach. The large number of 
such methods, clearly shows the importance of the problem for structural
engineers. Amongst the available approximate approaches there are two 
main different classes as follows:
(i) equivalent continuum approaches, and
(ii) finite difference methods.
The equivalent continuum approaches are based on replacing a discrete
structure by an equivalent continuum and predicting the response of the
original structure through the solution of the continuum model. These 
methods normally involve long and complex formulations. Also, in 
general, the results of their applications are not reliable.
In the finite difference methods, the equilibrium and compatibility 
equations for each joint of a structure are written in finite difference 
operator form using typical Fourier series type expressions. These
methods may occasionally be useful when analysing problem with regular 
geometry.
The 'renection method1, developed in this thesis is hoped to serve
as a reliable approximate method for analysis of spaceframes. In this 
method, a discrete structure is transformed into a similar discrete 
structure with lower density. The reduced structure which is obtained 
through certain rules, is called a 'renecture'. Almost all the 
particulars of the structure such as overall dimensions, interconnection 
pattern, material properties, cross-sectional properties, load and 
support conditions are kept unchanged for the renecture. The behaviours 
of the structure and its renecture are similar and their relationship may 
be described in terms of a factor called the 'renection factor'. This 
factor is given in terms of the ratio of the amounts of material in the 
renecture and that in the structure. The analysis for the renecture is 
carried out in the usual manner and the results are then used to predict 
the behaviour of the structure.
It  is believed that the idea of reducing a dense discrete 
structural system has been utilised by many structural engineers for 
solving practical problems. However, information regarding the 
limitations and accuracy of application of this technique was not 
recorded. A documented application of the idea appears in a paper which 
was written in 1974 [32]. The paper discusses an experimental 
investigation into the behaviour of a prestressed cable roof through a
physical model with a density lower than the actual structure. Later, in 
a Ph D thesis the idea has been expanded for single layer grids [10]. 
These early ideas have been used in another Ph D thesis for analysis of 
single layer grids and barrel vaults [1], in which the relationship 
between the behaviours of the reduced model and original structure is 
based on square root of the ratio of number of joints in the grids.
The main objective of this thesis is first the development of 
fundamental concepts of the idea, and then an investigation about the 
limitations of its application in different circumstances. For this 
purpose, various examples have been analysed using the renection method 
and the results are compared with the exact solutions.
To obtain the exact results for these cases, i t  was necessary to 
carry out a number of analyses for dense spaceframes. To do this, first 
i t  was important to adopt a suitable approach for data preparation. One 
of the main problems in the analysis of spaceframes is the large amount 
of data required for the analysis. Here, the concept of formex algebra 
have been used for generating data. The concepts of formex algebra are 
normally employed in conjunction with a computer software. The software 
used for this purpose is the programming language Formian.
The second step was the development of an analysis program which 
can work in conjunction with Formian. Thus, a program for linear 
analysis of structures has been written in F0RTRAN77 which is capable of 
analysis of two- and three-dimensional structures as well as composite 
spaceframes. To minimise the computer time and storage, a variable band 
or skyline solution routine for the simultaneous equations is utilised.
The third step was the establishment of a suitable technique for 
representing output. Graphical output has proved to be more convenient 
in comparison with printed output. Hence, a graphical technique has been 
developed using a FORTRAN77 program.
The thesis begins with an introduction to the fundamental concepts 
of formex algebra and their application in generating data. An
introduction to Formian is also included in this part. In Chapter 3 a 
review of the matrix analysis of structures together with some
programming aspects are discussed. The graphical approach for 
presentation of the output is described in Chapter 4.
The fundamental concepts of the renection method are discussed in 
Chapter 5. This chapter also contains details of all the numerical
studies. The extension of application of the method to the composite 
spaceirames together with the relevant numerical studies are presented in 
Chapter 6. Chapter 7 is concerned with the concluding remarks.
Finally, Appendices 1 and 2 present the stiffness matrices used for 
the bar and continuum elements, and Appendix 3 presents some of the 
graphical outputs.
CHAPTER 2
FORMEX ALGEBRA
2.1 INTRODUCTION
Formex algebra is a mathematical system providing a basis for handling
data generation and computer graphics [30]. The objective of the
present chapter is to provide an introduction to the concepts and
structural applications of formex algebra in relation to double layer
grids. The concepts of formex algebra together with associated
terminology and notation are introduced in terms of some practical
examples.
2.2 FUNDAMENTALS OF FORMEX ALGEBRA
Formex algebra consists of a set of abstract objects, known as formices,
and a number of rules through which these objects may be manipulated.
2.2.1 FORMICES
A formex is a mathematical entity that consists of an arrangement of
integers. To discuss the concept of formices one may start with the
simplest type of them which is a single integer and is referred to as a
'uniple'. A sequence of one or more uniples of the form
[Ul,U2,...,Un]
is referred to as a 'reglet' where each one of the entities Ul, U2,
Un is a uniple. The number of uniples constituting a reglet (that is, n) 
is called the 'grade1 of the reglet.
A sequence of one or more reglets of the same grade of the form
^ ls t  reglet^ r 2nd reglet^ mth reglet^
[Ull,U12,...,Uln; U21,U22,...,U2n; ...; Uml,Um2,...,Umn]
is referred to as a 'maniple'. The number and grade of the reglets 
constituting a maniple are called the 'plexitude' (that is, m)and the 
grade (that is, n) of the maniple, respectively. For instance,
[1,1,0; 5,2,1; 2,0,6; 0,0,0]
is a maniple of the fourth plexitude and third grade.
Having described the concept of a maniple, the general definition 
of a formex may now be given. A 'formex' is a sequence of zero or more 
maniples of the same grade. The number and the grade of these maniples 
are called the 'order' and the grade of the formex, respectively. A 
formex may be written down using a construct of the form
{ M l,M2,...,Mr ]
where each one of the entities M l,M2,...,Mr is a maniple. For example,
[[3 ,3; 4,7], [0,1], [2,5; 6,1; 0,9] j
is a formex of the third order and second grade.
Certain component parts of a formex have special names. Namely, 
any one of the maniples Ml,M2,...,Mr constituting a formex is referred to 
as a cantle of the formex. also, any reglet contained in a formex which
is of the same grade as the formex is referred to as a signet of the
formex. For instance,
[2,5; 6,1; 0,9]
is the third cantle of the above formex. The serial position number of a 
cantle is referred to as the 'orderate1 of that cantle. For example, the 
orderate of
[3,3; 4,7]
with respect to the above formex is 1.
It  should be pointed out that, amongst the formices there is a
particular formex with no maniples. This formex is referred to as the 
'empty formex' and is represented by
The order of empty formex is equal to zero but its grade can be 
considered any arbitrary number.
A formex whose cantles are all of the first plexitude is referred
to as an 'ingot'.
2.2.2 EQUALITY OF FORMICES
Two formices are said to be of the same constitution provided that they 
are of the same order and grade and in addition every cantle in one is of 
the same plexitude as the corresponding cantle in the other.
Now, two formices are said to be equal i f  they are of the same 
constitution and i f  every uniple in one is equal to the corresponding 
uniple in the other. The conventional equality symbol is used to 
indicate the relationship of equality between two formices. For example,
the relationship
^[ij; m,n], [r,s]} = {[2,0; 4,9], [3,1]} 
implies that i=2, j=0, m=4, n=9, r=3 and s=l.
2.2.3 VARIANTS OF A FORMEX
Two formices are said to be variants of each other provided that they are
of the same constitution and that every cantle in one may be obtained
from the corresponding cantle of the other by a rearrangement of the
positions of its signets.
2.2.4 SEQUATIONS OF A FORMEX
Two formices are said to be sequation of each other provided that one may 
be obtained from the other by a rearrangement of the positions of its 
cantles.
2.2.5 COMPOSITION OF FORMICES
Formices F I, F2, ..., Fs can be composed provided that they are of the
same grade. The resulting formex, F, consists of all the cantles of FI,
appearing in the same order as in FI, followed by all the cantles of F2,
appearing in the same order as in F2, and so on. This may be written as
F = FI # F2 # ... # Fs
where the symbol # is referred to as the duplus symbol. For example, i f
FI =£[2,3; 4,1], [5,5]]
and
F2 =£[3,1; 6,7], [9,0; 4,4]j
then
FI # F2 = £[2,3; 4,1], [5,5], [3,1; 6,7], [9,0; 4,4]]
Now, let FI, F2 and F3 be formices of the same grade. Then the basic 
properties of formex composition are given as follows:
1- Formex composition is not commutative that is,
FI # F2 * F2 # FI
2- Formex composition is associative that is,
FI # (F2 # F3) = (FI # F2) # F3
3- F # {.}={]#  F = F 
where F is a formex.
4- Formices FI # F2 and F2 # FI are sequations of each other.
2.2.6 LIBRA NOTATION
Let i, m and n be three integer variables. Also, le t Fi be a formex 
varying with respect to the variable i. Now, let F be a formex obtained 
by composition of a sequence of formices each resulting by substituting 
for i=m,m l,...,n. The mathematical symbol representing this process
is of the form
is called libra operator where i is referred to as a libra variable. For 
example, i f  Fi is given as
Fi
and referred to as the libra composition.
is referred to as the libraThe symbol symbol and the construct
{[2,i; 1,1], [2i,0; -i,3]}
then
and
Fi =1112.3; 1,1], [6,0; -3,3], [2,2; 1,1], [4,0; -2 ,3]}
and
V jj— Fi = [2,4; 1,1], [8,0; -4,3].
2.3 FORMEX GRAPHICS
A formex can be graphically represented. To explain the basic concepts 
of formex graphics, consider the formex
F ={[1,1; 2,1], [2,1; 3,1], [2,1; 2,2],
[3,1; 3,2], [3,2; 2,2], [2,2; 1,2]]
and let every distinct signet [U1,U2] of F be represented by a lit t le  
circle whose centre is given by the point
x = Ul, y = U2
in a Cartesian coordinate system. Also, le t every cantle of F be 
represented by a straight line joining the little circles representing 
the signets in that cantle. This line is labelled by the orderate of the 
cantle with an arrowhead to show the order of appearance of the signets 
in the cantle. The graphical representation of F is displayed in Fig 2.1 
and is referred to as a 'plot' of formex F.
One may carry on, in a similar manner, using various functions of 
Ul and U2 to define the plot of a signet and utilise different types of 
coordinate systems. The resulting configuration in each case is a plot 
of F. For example, Fig 2.2 represents another plot of F in a polar 
coordinate system where a signet [U1,U2] is represented by a little  
circle whose centre is given by the polar coordinates
r = Ul
8 = U2 • n/4
It  should be pointed out that, each part of a plot has a certain 
name. Namely, a signet and a cantle of a formex are referred to as a 
'tenon' and a 'frond', respectively. For instance, the plot of Fig 2.1
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Fig 2.1
Fig 2.2
contains six tenons each of which is a little circle and six fronds each 
of which consists of two little circles, a straight line, an arrowhead 
and a label.
Every tenon is drawn relative to a point which is referred to as a 
'pivot1. In the plots of Figs 2.1 and 2.2 the centres of the little  
circles are the pivots. The location of a pivot is specified by its 
coordinates with respect to a coordinate system.
Tenons and fronds can be drawn in different ways governed by the 
kind of application. The style which has been used in Figs 2.1 and 2.2 
is one amongst an infinite number of possibilities. A choice for an 
aspect of the shape of a tenon or frond is referred to as a 'retrocord'. 
For instance, the choice of a circular shape for a tenon is a retrocord 
and so is the choice of straight line for a frond.
2.3.1 RETRONORMS
A retronorm is a set of rules through which the signets of a formex may 
be mapped into a pivot. A retronorm is defined using one of the 
following three methods.
1- Through mathematical formulae (referred to as 'formal retronorm').
2- Through a graphical construction (referred to as 'graphical 
retronorm').
3- In terms of a table (referred to as 'tabular retronorm').
The idea of the first style of retronorm was introduced earlier in the 
present section in terms of two examples. As i t  can be seen from these 
examples, a formal retronorm includes 'coordinate equations' which are, 
in general, of the form
_a coordinate
r  m ath e m atic al fu n cti o n
^ — 7--------—  uniples
Si = f(Ul,U2,...,Un)
provided that within the ranges of values for uniples, the entity
f(Ul,U2,...,Un)
is a uniquely determined real number. The entity i l  may be one of the 
coordinates x,y,z of a Cartesian coordinate system or the coordinates r,0 
of a polar coordinate system or the coordinates r,0,z of a cylindrical 
coordinate system or the coordinates r,0,vp of a spherical coordinate 
system.
Mow, to explain the concept of a graphical retronorm, consider the
formex
E =[[1,3; 3,1], [1,3; 3,2], [4,3; 3,2], [4,3; 3,1]]
and let the coordinates of the pivots of a plot of E be defined by the 
formal retronorm
One can then draw a grid of lines using the above equations for various 
values of Ul and U2 as shown in Fig 2.3. This grid of lines is referred 
to as a 'normat1, and the plot of E relative to this normat can be 
presented as in Fig 2.4.
The third type of a retronorm (that is, a tabular retronorm) 
consists of a table where the coordinates of all possible pivots relating 
to a typical signet [U1,U2] for values of Ul and U2 within a required
range are given with respect to a coordinate system. An example of such
a table is given as Table 2.1 where the values of coordinates are given 
for Ul and U2 from 1 to 5. The retronorm which is defined by this table 
can be represented through a normat shown in Fig 2.5. In drawing a 
normat of this type, once a coordinate system is chosen and a unit of 
length is selected, the normat points are uniquely determined. However, 
the shapes of the normat lines are rather arbitrary. That is, a normat
line could be of any shape provided that i t  passes through the
appropriate normat points.
U2 Y
Fig 2 .3
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TABLE 2.1
U2
Ul
1 2 3 4 5
X Y X Y X Y X Y X Y
1 -1 .5 -3.4 1 . 0 -3 . 0 2.8 -2.2 4.5, -2.5 6.0 -2.5
2 -1 . 0 -2 . 2 0 . 7 -1.5 2 . 0 -1 . 0 4.0 -1 . 0 5.5 -1.5
3 -0.5 1 . 1 0.4 0.5 1.5 0.7 3.8 0.4 5.7 0.6
4 -1 . 0 4.0 1 . 0 3 . 3 1 . 9 2.8 3.9 1.5 6.2 2 . 0
5 -2.1 5.1 2.1 4.8 3.5 4.2 4.5 3 . 7 7.9 3 . 0
* - X
0 ^
Fig 2.5
2.3.2 PLOTTING STYLES
The plotting style which has been used for all the formices so far is
referred to as the 'radix plotting style' and a plot which has been
obtained using this style is referred to as a 'radix plot' or an
'R-plof. As another example, a radix plot of the formex
G ={[2,1; 1,2; 2,3], [1,3], [2,1; 2,3],
[2,3; 3,2], [3,2; 2,1]}
is shown in Fig 2.6, where the labelling of the graphical representation
of the cantles is omitted and where the frond of the third plexitude
cantle (that is, the one appearing as the first cantle of G) is drawn as 
a shaded triangle.
Note that, in the frond of third plexitude of G in Fig 2.6, the
edge that connects the first and the last tenons has no arrowhead. In 
addition, as i t  can be seen from this figure, the overlapping part of the
plot has been represented with a gap between them.
However, there exist a number of different styles for plotting a
formex. A plotting style which is widely used is referred to as the
'natural plotting style' and a plot which is obtained using this style is
referred to as a 'natural plot' or a 'N-plot'. As an example, Fig 2.6 
has been re-plotted using the natural plotting style and the result is 
shown in Fig 2.7.
Comparison between Figs 2.6 and 2.7 shows that in Fig 2.7 there are
no indication regarding the orderate of a cantle and the order of
appearance of the signets in a cantle. Also, no special symbol for a 
tenon is used and a segment of the plot that involves overlapping parts 
is represented only once.
Another plotting style which is specially suitable for multi-layer 
configurations is referred to as the 'Zygmunt plotting style' and a plot 
which is obtained using this style is referred to as a 'Zygmunt plot' or 
a 'Z-plot'. A Zygmunt plot of a formex, in general, represents a 
multi-layer configuration where variations in the forms of fronds and/or 
tenons are used to indicate different layers. For example, each one of 
the plan views of the double layer grid shown in Figs 2.8 and 2.9 is a 
Zygmunt plot, where the members in the top layer, bottom layer and the
Y A 
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3
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web are shown by solid lines, dashed lines and dotted lines, 
respectively. In Fig 2.9, in addition, the top joints are indicated by
lit t le  hollow circles while the bottom joints are shown by little solid 
circles.
2.3.3 STANDARD RETRONORMS
Six basic categories of retronorms are used each of which is related to a 
coordinate system. The particulars of these retronorms are given in 
Table 2.2, where each one of the symbols f l ,  f2 and f3 is used to
represent a mathematical function of the uniples of a typical signet
[Ul,U2,...,Un]
Certain special cases of these basic retronorms are classified as 
standard retronorms. There are three families of standard retronorms the 
first one of which will be described here. This family of standard 
retronorms is designated as 'basiant retronorms' and their particulars
are given in Table 2.3. Each one of the entities b l, b2 and b3 in Table
2.3 is a coefficient which is referred to as a 'basifactor1. A 
basifactor which is associated with one of the linear coordinates x, y, z 
and r is designated as a 'linear basifactor'. Also, A basifactor which 
is related to one of the angular coordinates 0 and Ip is called an 
'angular basifactor'.
2.3.4 PROBASES
Any given geometric configuration can be represented by a formex through 
a set of rules known as a 'probasis', i t  is convenient to explain the 
concept of a probasis in terms of a structural example.
Consider the structural configuration shown in Fig 2.10. Suppose 
i t  is required to obtain a formex representing this configuration for use 
as data for the purposes of structural analysis. The required formex 
must provide information regarding the arrangement of joints and elements 
of the structure. Since the constituent parts of a configuration that
TABLE 2.2
COORDINATE
SYSTEM
NAME OF 
RETRONORM
COORDINATE
EQUATIONS
one dimensional 
Cartesian
uni f e c t x = fl
two dimensional 
Cartesian
bif ect x = fl 
y = f 2
three dimensional 
Cartesian
trif ect x — f 1 
y = f 2 
z = f 3
Polar polar r = fl 
0 = f 2
cylindr i cal cylindr i cal r = f 1 
0 = f2 
z = f 3
spher i cal spherical r = fl 
0 = f 2
<p = f3
TABLE 2.3
NAME OF 
RETRONORM
COORDINATE
EQUATIONS
Basiunif ect x = bl*Ul
Basibif ect x = bl*Ul 
y = b2*U2
Bas ipolar x = bl*Ul 
y = b2*U2 
z = b3#U3
Bas ipolar r = bl*Ul 
0 = b2*U2
Bas i cylindri cal r = bl*Ul 
© = b2*U2 
z = b3*U3
Basispherical r = bl*Ul 
0 = b2*U2 
'p = b3*U3
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are to be represented by the formex depends on the actual system that the 
configuration is supposed to represent, the structural system of the 
configuration must be known at this point.
For instance, the configuration of Fig 2.10 may be considered as 
the plan view of a flat grid consisting of bar members with end nodes, a 
finite element mesh consisting of quadrilateral elements with corner 
nodes, and so on. In fact, this configuration can be interpreted in many 
different ways in various circumstances.
Now, let us start with the case of the flat grid. Suppose each end
point of a member is represented by a signet in the formex. Every member
may then be represented by a second plexitude cantle in the formex. The 
order of appearance of the signets and cantles depends on the type of the 
application. Here, i t  is assumed that the order of appearance of a 
cantle is the same as the number of the corresponding member, as 
partially shown in Fig 2.11. Also, the order of appearance of the 
signets in a cantle are supposed to be the same as the order indicated by 
dotted lines for members 1 and 21.
The above assumptions regarding the correspondence between the 
component parts of the configuration and the signets and cantles of the 
formex represent one part of the rules which constitute a probasis. A 
rule of this type is known as 'procord1.
Returning to the flat grid under consideration, in order to create
the formex representing this configuration, a suitable norm at has been 
adopted shown by two families of labelled dotted lines in Fig 2.11. This
norm at is used to provide information regarding the correspondence 
between the ends of the members and the uniples of the formex. This type 
of information regarding the values of the uniples in the formex is known 
as 'pronorm'.
In terms of the pronorm and procords specified above, the required 
formex may be given as
F = Fl # F2
where
Now, consider the case when the configuration represents a finite element 
mesh. Suppose there is no information regarding the order of appearance 
of the cantles in the formex whilst the order of appearance of the 
signets in the cantles are required to be as indicated by dotted lines 
for the element in top corner of Fig 2.11. Each one of the quadrilateral 
elements is represented by a fourth plexitude cantle in the formex.
Under these assumption, the formex representing the above fin ite  
element mesh may be written as
It may be pointed out that, the coordinates of each node in Fig
2.11 which is represented by a signet in the above formices can be 
determined using a basibifect retronorm with respect to a coordinate 
system. For example, i f
bl = b2 = 100 mm
then the coordinates of node 1 with respect to the coordinate system 
shown in Fig 2.10 are
x = 500 mm and y = 100 mm.
2.4 FORMEX FUNCTIONS
In dealing with formex representation of configurations, i t  is convenient 
to specify formex functions. The notation
G =
i-j, i+j-2; l'-j+l, i+j-3]
G = (|l:E
is used to express formex G in terms of a given formex E through the 
rules which are represented by the symbol (j). The symbol : is referred
to as the 'rallus symbol' and is read as 'of1.
In discussing the formex functions, the following terminology and 
notation are used.
1- Consider two formices E and G and two functions (|) and (f0. i f
G = 0:E
and
E = i : G
then function (j)0 is called the 'inverse' of (|) and is written as $ *
2- If   ^ r times^
G = (j): (j): .. : E
then this relationship is written as 
■ rG = (j) :E
. m . n
3- A composite function consisting of (p and (p is written as
, m+n 
♦
4- The zeroth power of any function (|) (that is, 0°)is called an 
'identity function' where for any function (j) and formex E
E = 0°:E
There are several families of formex functions each of which consists of 
a number of functions, however, only some of these functions, which are 
used in the present work, are discussed in the sequel.
2.4.1 TRANSLATION FUNCTIONS
Consider the formex
Fl =([2,1; 1,3], [1,3; 1,1]}
with its R-plot denoted by PI in Fig 2.12. Also, let F2 be a formex
whose plot is denoted by P2 in Fig 2.12. It can be noticed that, P2 may
be obtained by translating PI in the first direction by 4 units. A
function using the concept of translation can thus be employed for
obtaining F2 from Fl. this function is known as 'translation function' 
and is, in general, of the form
  direction of translation
I  amount of translation
tran(h,q)
through which every signet
[Ul,U2,...,Un]
of Fl is replaced by
[Wl,W2,...,Wn]
to obtain F2, where for i=l,2,...,n provided that ifh
Wi = Ui
and for i=h
Wh = Uh + q
formex F2 can then be given as
F2 = tran(l,4):Fl ={[6,1; 5,3], [5,3; 5,1])
As another example, formex F3 with its R-plot denoted by P3 in Fig 2.12 
can be obtained from F2 as
F3 = tran(2,3):F2 ={[6,4; 5,6], [5,6; 5,4]}
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However, F3 can also be obtained from Fl as given by
F3 = tran(2,3):tran(l,4):Fl
That is, formex F3 is obtained by translating formex Fl first along the 
first direction and then along the second direction. A function is used 
to represent this and is written, in general, as
 units of translation in the first direction
|------- units of translation in the second direction
tranid(ql,q2)
Thus
F3 = tranid(4,3):Fl 
Translation functions have the following basic properties:
1- translation functions are commutative. That is,
tran(hl,ql):tran(h2,q2):E = tran(h2,q2):tran(hl,ql):E
where hi and h2 are nonzero positive integers. Also, ql and q2 are
any integers and E is any formex.
2- The inverse of a translation function tran(h,q) is the translation
function tran(h,-q). That is,
tran(h,q) *:E = tran(h,-q):E
3- tran(h,ql):tran(h,q2):E = tran(h,ql+q2):E
which in turn implies that 
r
tran(h,q) :E = tran(h,r*q):E 
where r is any integer.
2.4.2 RINDLE FUNCTIONS
Suppose i t  is required to obtain a formex, say G, whose R-plot is denoted 
by P5 in Fig 2.13. One may start with the formex
Fl =£[1,2; 2,3], [2,3; 1,4]] 
with its plot denoted by P4 in Fig 2.13. Formex G can then be written as
That is, the composition of translation of Fl parallel to the first
direction by 0, 2, ..., and 8 units. A function is used to represent
this operation and is written, in general, as
and is referred to as a 'rindle function'. Formex G can thus be given as 
G = rin(l,5,2):Fl
It  is sometimes required to use a rindle function for combined operation 
in two directions. Such a function is given, in general, as 
number of replications in direction 1 
number of replications in direction 2
units of translation at each step in direction 1 
units of translation at each step in direction 2
rinid(sl,s2,pl,p2)
For example, P6 in Fig 2.13 represents an R-plot of the formex
tran(l,2i):Fl
direction of translation
number of replications
units of translation at each step
rin(h,s,p)
rinid(5,2,2,3):Fl
2.4.3 REFLECTION AND LAMBDA FUNCTIONS
Let El and E2 be given by formices 
El ={[1,1; 2,1], [2,1; 2,3]]
and
E2 ={[5,1; 4,1], [4,1; 4,3]]
and le t  their R-plots be denoted by PI and P2, respectively, in Fig 2.14.
It  can be noticed that, P2 is the mirror image of PI with respect to a
plane which is normal to the U1 axis at Ul=3. To obtain E2 from El one
may use a function referred to as a 'reflection function' whose general
form is
 direction of reflection
I  coordinate specifying the plane of reflection
ref(h,q)
Through this function every signet 
[Ul,U2,...,Un] 
of El is replaced by 
[Wl,W2,...,Wn] 
to obtain E2, where for i=l,2,...,n provided that ifh  
Wi = Ui 
and for i=h
Wh = 2xq - Uh 
Formex E2 can then be given as
E2 = ref(l,3):El
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The composition of El and its reflection E2 using libra notation is 
written as
A convenient way of representing this construct is to write i t  down as 
lam(l,3):El
where lam(h,q) is called a 'lambda function'.
Thus
As another example, Fig 2.15 shows an R-plot of the formex
G = lam(l,3):{[l,3; 3,1], [1,3; 3,4]}
In order to use a lambda function for combined operation in two
directions, a function is employed as
lamid(ql,q2)
which is equivalent to
lam(2,q2):lam(l,ql)
The basic properties of reflection functions are as follows:
1- Reflection functions that correspond to different directions 
are commutative.
2- A reflection function is the inverse of itself.
2.4.4 YERTITION AND ROSETE FUNCTIONS
Let F be a formex of the ntln grade where n^2 and le t hi and h2 be two
ref (1,3)i
nonzero positive integers less than or equal to n. Also, le t ql and q2 
be either any two integers or two penintegers, where a peninteger is 
defined as a rational number N/2 where N is an odd integer. Thus, ql=2, 
q2=-5 and ql=-5/2, q2=7/2 are acceptable but ql=3, q2=9/2 are not
acceptable. Now, let a formex, say G, be obtained from F by replacing 
every signet
[Ul,U2,...,Un]
of F by
[Wl,W2,...,Wn]
where for i=l,2,...,n provided that Hh
Wi = Ui
and for i=hl
Whl = q2 + ql - Uh2
and for i=h2
Wh2 = q2 - ql + Uhl
The above rule is symbolised in terms of a function which is denoted by
ver(hl,h2,ql,q2)
and is referred to as a 'vertition function1. The formex G can then be 
written as
G = ver(hl,h2,ql,q2):F
For example, i f
F = [3,-2,5,7; 2,4,3,-1]
then
ver(3,2,4,-3):F = [3,-2,5,-3; 2,-4,-3,-1]
As another example, i f
Fl = [1,3; 2,3]
then
F2 = ver(2,l,3,4):Fl = [4,2; 4,3]
and
F3 = ver(2,l,3,4):F2 = [5,5; 4,5]
and
F4 = ver(2,l,3,4):F3 = [2,6; 2,5]
R-plots of Fl to F4 are shown in Fig 2.16 denoted by PI to P4, 
respectively.
The composition of formices Fl to F4 is an operation which' is 
required frequently in practice and can be represented by formex F5 as
A convenient way of representing this operation is to use a function, in 
general, as
ros(hl,h2,ql,q2)
The centre of rotation for the present example is denoted by P in Fig
2.16. This function is known as a 'rosette function'. F5 can then be
written as
directions specifying the plane of rotation 
 coordinate of centre of rotation along hi
coordinate of centre of rotation along h2
F5 = ros(2,l,3,4):[l,3; 2,3]
As another example, the R-plots of the formices
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El = ros(l,2,3,4):[3,4; 1,2]
and
E2 = ros(2,l,5.5,8.5):[7,4; 10,4] 
are denoted by P5 and P6, respectively, in Fig 2.17.
A rosid function can be used for combined operation in two directions as 
rosid(ql,q2) 
which is equivalent to 
ros(l,2,ql,q2)
The basic properties of vertition functions are:
1- In general, vertition functions are not commutative.
2- The inverse of a vertition function is the cube of itself.
3- For an integer p
ver(hl,h2,ql,q2)4 P
2.4.5 PEXUM FUNCTION
Consider a cantle C in a formex F. This cantle is deleted from F i f
there are one or more cantles in F that are variants of C and whose
orderate are less than that of C.
The formex that obtained from F through the above rule, denoted by 
G, is called 'pexum' of F and is given by
G = pex:F
where pex stands for ‘pexum1. For example, i f
F ={[3,1; 2,4], [3,1], [1,4; 5,2], [2,4; 3,1], [5,2; 1,4], [5,2]}
then
G = pex:F ={[3,1; 2,4], [3,1], [1,4; 5,2], [5,2]}
In formulating the interconnection pattern of a configuration, one may 
start with a configuration that contains more members than the actual 
configuration but is easier to formulate and then arrive at a formulation 
for the actual configuration by using the pexum function. For example, 
consider the plan view of a flat grid which is shown in Fig 2.18 and let 
i t  be required to write a formex formulation for the interconnection 
pattern in terms of the indicated pronorm. The formex can be written as
with its R-plot shown in Fig 2.19. It  can be noticed from this figure 
that some of the members of the grid are doubly represented. Therefore, 
the pexum function is used to omit the redundant members. The required 
formex which is denoted by El can then be written as
El = pex:E
with its R-plot shown in Fig 2.20. The pexum function has the following 
basic properties:
1- The pexum function has no inverse.
2- For a nonzero positive integer p •
P tr rpex :F = pex:F
2.4.6 LUXUM AND NEXUM FUNCTIONS
Consider two formices of the same grade, say E and F, and le t every 
cantle of E that includes one or more signets that are in F be deleted 
from E. The resulting formex, G, is known as the 'luxum' of E with 
respect to F and is given by
i=0
rin(l,4-i,2):rosid(3/2,3/2):[l,l; 2,1]
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G = 1ux(F):E
where lux(F) is called a luxum function1. For example, i f  
E =IE1.0; 3,2], [2,2; 5,1], [3,1], [4,2; 1,0]}
and
F ={[1,0], [4,2]}
then
G = lux(F):E ={[2,2; 5,1], [3,1]}
Now, let H be a formex obtained from E by deleting every cantle of E that 
includes one or more signets that are not in F. H is referred to as the 
'nexum' of E with respect to F and is given by
H = nex(F):E
where nex(F) is called a 'nexum function1. For example, having E and F 
as defined above,
H = nex(F):E = [4,2; 1,0]
As another example, let Fl and F2 be two formices as follows:
Fl = pex:rinid(5,5,l,l):rosid(3/2,3/2):[l,l; 2,1]
and
F2 = rinid(3,2,l,l):[4,3]
The N-plots of Fl and F2 are shown in Figs 2.21 and 2.22, respectively. 
Now, le t G1 and G2 be two formices obtained as follows:
G1 = lux(F2):Fl
and
G2 = nex(F2):Fl
The N-plots of G1 and G2 are shown in Figs 2.23 and 2.24, respectively. 
Basic properties of luxum and nexum functions are as follows:
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1- These functions do not have inverses.
2- For any formex E
lux(E):E ={} 
nex(E):E = E
2.4.7 DICTUM FUNCTIONS
Normally, to describe the interconnection pattern of a structural system 
and the positions of applied loads and supports, i t  is required to 
identify the nodal points of the system by a sequence of natural numbers 
and then to specify the interconnection pattern, loads and supports 
positions in terms of these numbers. This can be accomplished through a 
'dictum function'. The formices which represent the disposition of the 
elements, loads and supports are turned into a form which is relative to 
an implied sequence of node numbers by means of the dictum function.
To explain the concept of a dictum function, let E be a formex. 
Also, let T be an ingot of the same grade as E satisfying the following 
condition: For every chosen signet S of E there is at least one
signet in T that is equal to S.
Now, let a formex G be obtained from E by replacing every signet S 
of i t  by the orderate of the first appearance of S in T. The formex G is 
then given by
G = dic(T):E
where dic(T) is called a 'dictum function'. Thus, i f  
E =([2,3; 1,0], [5,2], [3,3], [2,7; 4,0]j
and
T =[[3,3], [4,0], [2,7], [5,2], [2,3], [1,0]J
then
G = dic(T):E ={[5;6], 4, 1, [3;2]}
As another example, consider a flat grid whose plan view is shown in Fig
2.25. A formex representing the interconnection pattern of this grid 
relative to the indicated pronorm can be written as
H = rinid(3,4,l,l):[l,l; 2,1] # rin id(4,3,l,l):[l,l; 1,2]
Now,let an ingot representing the nodal points of the grid be given as
T1 = rin id(4,4 ,l,l):[l,l]
T1 is an ingot containing all the signets of H. The orderate of every 
signet of T1 is written near the node represented by the signet in Fig
2.25. Let
HI = dic(Tl): H
The formex HI which represents the members of the grid in terms of the
node numbering implied by the order of appearance of the signets in T is
found to be of the form
HI =[[1;2], [2;3], [3;4], [5;6], ..., [11;15], [12;16]}
where each cantle represents one of the elements of the grid. The order 
of appearance of the cantles in Hl(that is, the members of the grid) is
governed by the disposition of the cantles in H. The node numbering
scheme, however, is quite independent of H and is entirely dictated by 
the disposition of the signets in Tl.
In minimizing the computer time and storage for structural analysis, the 
order in which the elements or nodes are introduced is of great 
importance. Therefore, the matter of disposition of cantles in H or 
signets in Tl must be carefully considered.
Now, le t
H2 = lux(J):H
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T2 = lux(J):Tl
where
J = [3,2]
Also, let
H3 = dic(T2):H2
The configuration described by H3 is shown in Fig 2.26.
Sometimes, a structure consisting of n different types of members is 
required to be formulated. In such a case, the structural configuration
is represented by a set of formices, say,
El, E2, ..., En
where El, E2, ..., En are formices representing the members of types 1,
2, ..., n, respectively. One may then employ an ingot T that represents
all the nodal points of the configuration to find out the dictum of each 
one of the above formices with respect to T as follows:
G1 = dic(T):El 
G2 = dic(T):E2 
•
Gn = dic(T):En
where, Gl, G2, ..., Gn are the formices representing the interconnection
patterns of the members of types 1, 2, ..., n, respectively, in terms of 
the node numbering scheme implied by T.
2.5 FORMIAN
The concepts of formex algebra are normally employed in conjunction with 
a computer software. Such a computer software which is used in this work
is called Formian through which various kinds of data for a configuration 
can be generated. It  also has simple-to-use graphics facilities found in 
the graphics libraries available. A brief description regarding the 
application of Formian for generating data is given in the sequel.
2.5.1 ASSIGNMENT STATEMENTS
In a computing language 'assignment statements' are employed to call for 
expressions to be evaluated and the result to be assigned to a variable. 
The assignment statement in Formian is of the form
variable = expression
For example,
F = [3,2,1; 5,2,2; 1,0,1]
is an assignment statement. Where, the entity to the right of the 
statement is a 'formex constant' which is assigned to F. F is called a 
'formex variable' and takes the form of any letter which may be followed 
by a sequence of letters and/or digits. An assignment statement may also 
be of the form
EN = [3+i,i+j; j*2,i]
Where, i and j  are integer variables. The right-hand side of the above 
assignment statement is called a formex formation (A formex including one 
or more uniples as integer expressions is referred to as a 'formex 
formation').
2.5.2 EXPRESSIONS
In Formian, a combination of arithmetic variables and constants involving 
the operations of addition, subtraction, multiplication, division and 
exponentiation is referred to as an 'arithmetic expression'. The symbols
representing the operations used in the arithmetic expressions and the
priority rules are the same as those in FORTRAN. For example, i f  i and j
are integer variables then
i + j**2 + (i-j)/2
is an arithmetic expression. A combination of formex constants, 
variables and formations involving the operation of composition and 
formex functions is referred to as a 'formex expression'. For example,
tranid(m-l,n):rosid(2,l):E # lib(i=0,l):[i-5,4; 5,i] # [3,1; 4,2]
is a formex expression. Now, let
V = N1 # N2
be an assignment statement where,
N1 = [1,1; 3,2; 1,3]
and
N2 = [3,2; 5,1; 5,3]
The N-plots of N1 and N2 are denoted by PI and P2, respectively, in Fig 
2.27. The symbol # is the duplus symbol representing the formex
composition operator. The effect of the assignment statement employed in
the above example is to compose the formex variables N1 and N2 and assign 
the resulting formex
{[1,1; 3,2; 1,3], [3,2; 5,1; 5,3]]
to the variable V. The N-plot of V is denoted by P3 in Fig 2.27.
2.5.3 FORMIAN LIBRA NOTATION
Except for libra notation, all other conventions employed in Formian are
the same as those which have been defined in formex algebra. In Formian,
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the libra notation is represented in the form
lib(i=m,n)
Where the identifier i, is called as a 'libra variable'. Also, m and n
are integer expressions. For example, let M be the formex
with its N-plot shown in Fig 2.28. In Formian, M is represented by 
M = lib(j=0,l):lib(i=0,3):tranid(ij):rosid(2,2):[l,2; 2,1]
2.5.4 GRAPHICS FACILITIES
In addition to the generation of data, Formian has facilities that allow 
handling of graphics. Having created the formex that represents a 
configuration, a geometric representation of the formex can be displayed 
on a graphics device such as a plotter or visual display units.
In generating data for a configuration through Formian, one can 
generate various parts of the configuration by means of different 
formices. Each formex can then be graphically represented and displayed, 
enabling the user to check the correctness of the formulation whilst 
proceeding through the problem.
2.5.5 OTHER STATEMENTS
Two other families of statements are available in Formian known as 
'information transfer statements' and 'control statements'. The first 
type of statements transfer information between the interpreter and the 
peripherals of the host computer and consist of KEEP, TAKE, PRINT and 
DRAW statements. The second type of statements used to control the 
activities of the interpreter and consist of RUN, USE, STATUS, CLEAR, 
ERASE, DELE and EXIT statements. These statements are described below, 
with the exception of the RUN statement which will be discussed later.
tranid(ij):rosid(2,2):[l,2; 2,1]
KEEP: A KEEP statement stores items such as formices or sequences of 
characters in the permanent storage of the computer and is of the form
KEEP Al, A2, ..., An
Where Al to An are variables representing various entities to be kept and 
KEEP is a keyword.
TAKE: A TAKE statement recalls previously kept items to the core and 
is of the form
TAKE Al, A2, ..., An
Here Al to An are identifiers representing kept items and TAKE is a 
keyword.
PRINT: A PRINT statement prints the value of a variable on an output 
device and is of the form
PRINT Al, A2, ..., An
Where Al to An are variables and PRINT is a keyword.
DRAW: A DRAW statement draws a graphical representation of a formex 
on a graphics device. A geometric representation of a formex, however, 
can be obtained after a suitable geometric transformation is specified. 
The DRAW statement would produce an N-plot of a formex with respect to a 
basibifect retronorm with equal basifactors. Sometimes i t  is required to 
draw a configuration using other geometric transformations. In such a 
case, one can either specify another standard retronorm or define one's 
own coordinate transformation algorithms. A DRAW statement is of the 
form
DRAW N
Where N is a variable and DRAW is a keyword.
USE: A USE statement is employed to select standard retronorms 
implemented in Formian and handle certain other facilities. For example, 
one can select a basitnfect retronorm using
USE BT( 1,1,2)
Where BT indicates the basitnfect retronorm and 
values of the basifactors b l, b2, b3, respectively,
STATUS: The STATUS statement may be used to 
the formices generated and current USE items.
CLEAR: The CLEAR statement clears graphics screen.
ERASE: An ERASE statement erases the value
variable and is of the form
ERASE El, E2, ..., En
here El to En are variables and ERASE is a keyword.
DELE: A DELE statement deletes the value of a 
and is of the form
DELE Gl, G2, ..., Gn
Here Gl to Gn are variables and DELE is a keyword.
EXIT: The EXIT statement returns the user to
system.
2.5.6 STRINGS
1, 1, 2 define the
, and USE is a keyword.
obtain information about 
of a previously kept.
van able from the core 
the computer's operating
In Formian, there is a form of constant referred to as a 'string
constant'. A string constant is a list of characters. For instance,
'MXYZ3'
and
*F = [1 ,1 ; 3 ,2 ]
G = lib(i=0,2):tran(l,i):F'
are examples of string constants. It is noticed that the characters
making up a string are placed in quotation marks. An assignment
statement may be used to associate a variable with a string constant.
For example, one may write
NA = 'F = [1,1; 3,1]
G = lib(i=0,2):tran(l,i):F'
As a consequence of the execution of the above statement, the string 
constant is assigned to the variable NA which is known as a 'string 
variable'. A string may be used to hold a sequence of characters in the 
memory.
2.5.7 SCHEMES
A 'scheme' is a Formian entity consisting of the construct 
:Pl,P2,...,Pn:
where Pl,P2,...,Pn are identifiers and n is an integer greater than or 
equal to zero, followed by a sequence of the Formian statements. Each 
one of the above identifiers may be used as a parameter in the statements 
of a scheme. A parameter employed in a scheme, however, need not
necessarily be one of these identifiers. For instance,
:K,L:
G = lib(i=0,K):[3,K-l,l; 5,2,1]
H = tranid(L,K):G
and
USE BT(1,1.5,2)
F = rinid(M,N,2,2):E
and
:A,B,M,N:
EE = lib(i=l,A):Z
FA = rin(l,M,2):rosid(2,2):R
are all examples of valid schemes. A scheme can be held in the memory 
using a string. For example, the last scheme may be written in the form
SR = ':A,B,M,N:
EE = lib(i=l,A):Z
FA = rin(l,M,2):rosid(2,2):R'
Here, SR is a string variable. A scheme may involve all the keywords, 
available in Formian, For instance,
KK = [1,1,0; 3,3,1]
KH = rin(l,10,2):KK 
KEEP KK,KH 
DRAW KH
is a valid scheme.
Once a sequence of statements in the form of a scheme is 
constructed, one may keep i t  permanently (using the KEEP statement) and 
recall i t  (using the TAKE statement) for use or any possible modification 
whenever required. Schemes provide a convenient way of dealing with 
repetitive problems. For example, a double layer grid which is required 
to be analysed frequently but subjected to different loading types or 
support positions may be handled using a scheme.
2.5.8 RUN STATEMENT
A RUN statement is used to execute a scheme. Consider a scheme
represented by the string variable AA which has Pl,P2,...,Pn as
parameters. A RUN statement activating the execution of this scheme is
of the form
RUN AA(Ml,M2,...,Mn)
Where Ml,M2,...,Mn are the values given to Pl,P2,...,Pn, respectively. 
For example, a scheme represented by the string variable ATM which has
parameters M,N,C,D,W may be executed by
RUN ATM(3,9,5,-22,0)
Where M,N,C,D,W will assume the values 3,9,5,-22,0, respectively. A
scheme may contain parameters that are not listed at the first line of 
i t .  The values of such parameters must be given before entering a RUN 
statement.
Now, to exemplify the application of Formian through a scheme,
consider the double layer grid whose Z-plan and side view are shown in
Figs 2.29 and 2.30, respectively. The top, bottom and web members of 
this grid are denoted by T, B and W, respectively. This configuration 
may be generated through the following formulation relative to the
indicated retronorm
DOUB ='::
T = rinid(6,8,2,2):[l,l,2; 3,1,2] #
rinid(7,7,2,2):[l,l,2; 1,3,2]
B = rinid(5,7,2,2):[2,2,l; 4,2,1] #
rinid(6,6,2,2):[2,2,l; 2,4,1]
W = rinid(6,7,2,2):rosid(2,2):[l,l,2; 2,2,1]'
The above formex variables may be generated when i t  is required and is 
kept in the memory otherwise. As a consequence of this, one could save a 
considerable amount of storage which is normally required for keeping the 
data.
Now, suppose i t  is required to obtain the member lists for the top 
and bottom layers and the web members of the grid using a node numbering 
pattern implied by the formex NUM given bellow:
Fig 2.30
N = rin(l,7,2):[l,l,2] # rin(l,6,2):[2,2,l] 
NUM = rin(2,7,2):N # nn(l,7,2):[l,15,2]
The formex variable NUM is kept for later application using 
KEEP NUM
One may then adopt a suitable geometric transformation for the grid under 
consideration and produce a list of node coordinates through NUM. The
dictum of the formex variables T, B and W with respect to the formex 
variable NUM are written as
Ml = dic(NUM):T 
M2 = dic(NUM):B 
M3 = dic(NUM):W
Where Ml, M2 and M3 are formex variables representing the top, bottom and 
web members, respectively, in terms of the node numbering implied by NUM. 
These formices are kept by entering
KEEP Ml, M2, M3
enabling the user to provide the required member lists.
In a similar manner, the positions of the loaded pints and support 
joints can be listed by generating a formex for each group of nodes which 
are subject to the same load or type of support. For instance, suppose 
the above double layer grid is restrained from horizontal translations at 
each of the top layer edge nodes. These nodes can be generated through 
the following statements:
SUP = rinid(7,2,2,14):[l,l,2] # rinid(2,6,12,2):[l,3,2]
SSI = dic(NUM):SUP
Where SSI is the list of the support nodes.
As another example, suppose i t  is required to generate the 
configuration of the above double layer grid when i t  consists of MxN
modules. One may use a scheme which is similar to that represented by 
the string DOUB as given above but with two parameters as shown below
GDG = ':M,N:
T = rinid(M,N+l,2,2):[l,l,2; 3,1,2] #
rinid(M+l,N,2,2):[l,l,2; 1,3,2]
B = rinid(M-l,N,2,2):[2,2,l; 4,2,1] #
rinid(M,N-l,2,2):[2,2,l; 2,4,1]
W = rinid(M,N,2,2):rosid(2,2):[l,l,2; 2,2,1]'
and i f  one enters
RUN GDG(6,7)
then the formex variables T, B and W are generated with M=6 and N=7. The 
result is a configuration which is the same as that shown in Figs 2.29. 
and 2.30. One could specify other values for M and N to create various 
double layer grids with the same interconnection pattern but varying in 
the number of modules.
CHAPTER 3
MATRIX STRUCTURAL ANALYSIS
3.1 INTRODUCTION
The objective of structural analysis is to determine the internal forces 
and displacements of structural systems. In recent years due to the 
continuing development of the digital computers the emphasis has been 
placed on numerically-based methods of structural analysis. Two basic 
approaches are known as stiffness and flexibility methods of analysis. 
However, only the concepts of the stiffness method are discussed in the 
present chapter. The formulation of this method is presented by means of 
matrix algebra. The expression of the method in matrix terms permits a 
general approach to the problem. In addition, the use of matrices 
presents the structural problems in a form which is suited for computer 
programming [23,45].
A description of matrix formulation for the stiffness method for 
linear analysis, both of skeletal structures and for continua is given in 
this chapter. A structural system consisting of individual line elements 
connected together at joints is called a 'skeletal structure'. A 
structural system consisting of a continuous surface is known as a 
'continuum'. The basic concepts given hereinafter are generally 
applicable to all types of structures. The following basic assumptions 
are made throughout:
1- The material of structure is elastic.
2- The displacements of the structure are small as compared with the
dimensions of the structure.
3- Interaction between axial and flextural effects in the members is 
neglected.
The discussion is first focused on skeletal structures and is then 
followed by the consideration of continua. Some programming aspects of 
the problem are also discussed in this chapter.
3.2 FORCE-DISPLACEMENT RELATIONSHIPS
The analysis of a skeletal structure can be carried out by first 
considering the behaviour of each individual member independently. One 
may then consider the interaction of the elements and ensure the 
compatibility of displacements and equilibrium of forces throughout the 
structure.
The behaviour of each member can be characterized through the 
relationships between the forces and displacements at its nodal points 
(the term 'force' is taken to signify a force or a moment, and the term 
'displacement' is taken to signify a translation or a rotation). A 
simple illustration of such a relationship is obtained by considering the 
linear, elastic spring shown in Fig 3.1. This spring is fixed at one end 
and is subjected to a force ws at the other end. The force is applied 
along the longitudinal axis of the spring thereby producing a 
displacement ds at its free end. The relationship between ws and ds may 
be represented by
ws = Ks-ds 3.1
where Ks is referred to as the 'stiffness of the spring'. This is 
defined as the force required to produce a unit displacement. If  the 
stiffness of the string and the magnitude of the load ws are known, the 
displacement ds can be obtained from Eq 3.1.
In practice, however, a structure normally involves a larger number 
of unknowns. This depends on the number of displacement components which 
may occur at a joint of the structure and also the number of joints in 
the structure. The number of independent components of possible

movements at a joint of a structure is referred to as the 'number of 
degrees of freedom of that joint1.
Now, consider a typical member of a rigidly-jointed space structure 
the ends of which are denoted by i and j  as shown in Fig 3.2. Associated 
with the member is a set of member axes. The x-axis is defined as lying 
along the longitudinal axis of the member, the positive direction being 
from end i to end j. The y-and z-axes complete a Cartesian right-handed 
system, and are chosen to be coincident with the principle axes of the 
member cross-section. The force-displacement equations for this member 
may be represented by a single matrix equation
pix
piy
piz
mix Kll !
miy
mjz
p jx
pay
pjz K21 !
mjx
mjy
_ mjz _ _  •
dix
diy
diz
K12 8ix
0iy
0i z
d jx
djy
K22 djz
0 jx
0 j y
_ _  © j z  _
The components of internal force at joints i and j  are denoted by pix, 
piy, piz, mix, miy, miz and Rjx, pjy, pjz, mjx, mjy, mjz, respectively, 
as shown in Fig 3.2. In a Similar fashion, the components of 
displacements are denoted by dix, diy, diz, 0ix, 0iy, 0iz, c{jx, djy, djz, 
9jx, 0jy, 0jz, as shown in Fig 3.2. The matrices K ll, K12, K22, K21 are 
stiffness sub matrices of the member. The details of these sub matrices 
are given in Appendix 1. Using a symbolic notation Eq 3.2 may be written 
as
Pm = Km ‘dm 3.3
where Pm, Km, dm are re fe rred  to as the 'member end in te rna l fo rc e
vector1, the 'member stiffness matrix1, the 'member end displacement 
vector', respectively. The stiffness matrix of a member is a property of 
the member . If  a member is subjected to a distributed load, Eq 3.3
becomes
pm = K m • dm + fw 3.4
where fw includes the force vectors at the member ends required to 
balance the distributed load acting on the member, i f  the ends of the
member are fully constrained. The effects of initial strain, lack of f it  
and temperature may be included in a similar fashion.
3.3 TRANSFORMATION OF COORDINATES
The member stiffness is normally developed in conjunction with a set of 
orthogonal axes, as described earlier in this section. In a structure
consisting of many members, however, the orientation of the members need 
not necessarily be the same. In order to evaluate the internal forces 
and displacements of a structure, i t  is necessary to write the stiffness 
matrices of all the members in terms of a single coordinate system. Such 
a coordinate system is referred to as a 'global system' or a 'structure 
system* in practice, the stiffness matrix for a structural member is 
developed in terms of its own member axes (local axes) and is then
transformed into the global axes using the rules of transformation of 
axes. Here, both the member's and structure's coordinate systems are 
assumed to be Cartesian and right-handed. The relationship between the 
local and global coordinates in matrix form may be written as
X x'
y = R y '
z z'
where x, y. z are the components of a vector relative to a local 
coordinate system and x', y1, z1 are the components of the same vector
relative to the global coordinate system and where R is the 
transformation matrix. Matrix R is given by
cxl cyl czl
R = cx2 cy2 cz2
cx3 cy3 cz3
where cx l, cyl, czl are the direction cosines of the x-axis with respect 
to x1, y ‘, z' axes, respectively. Similarly, the direction cosines for 
the y and z axes with respect to x1, y1, z1 axes are denoted by cx2, cy2, 
cz2 and cx3, cy3, cz3, respectively. Matrix R is an orthogonal matrix 
and hence its transpose is equal to the inverse of it.
Any vector defined in terms of the member axes can be redefined in 
terms of the structure axes by pre multi plying i t  by the transpose of 
transformation matrix. Hence,
and
Pm = T .pm
dm = T - dm
3.6
3.7
where Pm, dm and Pm, dm are the vectors of end forces and end 
displacements in local and global axes, respectively; and where T is the 
transformation matrix. Matrix T for a general space structure member is 
of the form
T =
R 0
0 R
The member stiffness matrix may be made relative to the global coordinate 
system by means of the following equation
Km = T • Km ■ T 3.8
where Km is the stiffness matrix of a member in local axes and Km is the 
stiffness matrix of the same member in the global axes. Matrix Km for a 
general space structure member is given in Appendix 1.
3.4 STRUCTURE STIFFNESS MATRIX
After force-displacement equations have been set up for all the members 
of a structure, the conditions of compatibility and equilibrium together 
with the boundary condition for all the joints of the structure are to be
satisfied.
The equilibrium at a joint of the structure, say i, can be
satisfied i f  the external load vector applied at joint i is in
equilibrium with the sum of the end force vectors of the members meeting
at joint i. The compatibility at this joint is also fulfilled i f  the 
displacement subvectors of all the member ends meeting at joint i are 
considered to be equal to the displacement vector of this joint.
If  the equilibrium equations for all the joints of the structure 
are combined, the result is a set of simultaneous equations, represented 
by
K-d = w 3.9
where K, d and w are the 'primary stiffness matrix', the 'displacement
vector', and the 'appended load vector' of the structure, respectively. 
The primary stiffness matrix of a structure is built up from the 
stiffness matrices of its members.
Equation 3.9 cannot be solved as i t  does not contain any 
information regarding the boundary conditions of the structure. In fact,
matrix K is always a singular matrix since the rigid body movements of
the structure are not constrained. When Eq 3.9 is modified to take
account of the boundary conditions, i t  will assume the form
K-d = w 3.10
where w, K and d are the 'external load vector', the 'stiffness matrix'
and the 'displacement vector' of the structure, respectively.
The effects of actions other than the external joint loads such as: 
distributed loads, temperature and initial strains may be included in the 
same fashion as described earlier.
Once Eq 3.10 has been solved for unknown displacements, the
internal forces at each member can be found using its force-displacement
equations. There are a number of techniques for solving simultaneous 
equations. The skyline method is used in the present work as will be
discussed later in this chapter.
3.5 FINITE ELEMENT METHOD
The matrix method of structural analysis as applied to skeletal 
structures deals with systems consisting of discrete elements that are 
interconnected at a number of nodal points. A continuum structure, 
however, does not involve such discrete elements. In the finite element 
method, a continuum structure is idealised as a discrete numerical 
system. The discretisation is achieved by subdividing the surface into a 
number of regions and so creating a set of elements and nodes.
In the analysis of continuum structures, the formulation of the 
equilibrium equations is achieved in a manner similar to that for the.
skeletal structures. The concepts of the finite element method are
illustrated in terms of an isoparametric rectangular plate element for 
in-plane stress actions and then for bending actions. The derivation of 
the strain-displacement relations for the plates are based on the
following assumptions:
1- The thickness of the plate is small as compared with the other 
dimensions.
2- The mid-surface of the plate does not deform in its own plane.
3- The stresses normal to the mid-surface of the plate are zero.
4- Transverse shear deformation is neglected.
5- The lateral displacement of the plate is a function of the 
mid-surface coordinates only and the strains at any point of the 
plate is a function of this displacement.
6- Normals to the mid-surface of the plate remain normal throughout 
the deformation.
3.6 IN-PLANE ACTION
Consider, a rectangular plate element whose sides are a and b and its
thickness is t, as shown in Fig 3.3 a together with the indicated two 
dimensional Cartesian coordinate system x-y. This element is assumed in 
plane stresses only. The mid-surface of the element is taken to coincide 
with the xy plane before loading and the nodal points are considered to 
be at the corners of the middle surface of the rectangle, numbered 1 to 4 
as shown. The notation and sign conventions for displacements and 
internal forces at nodal points are also shown in Fig 3.3a.
The principal idea of the finite element formulation is to obtain 
the relationship between the displacements at any point of the element 
and the element nodal displacements. This is achieved by using a set of 
prescribed functions. As a consequence of this, the strains and stresses 
at any point of the element can be related to the nodal displacements.
Now, let the displacement at a point within the element be given by
the following functions
6x = 91 + 02-x + 03-y + 04-xy 
and 3.11
8y = 05 + 06-x + 07-y + 08-xy
or in matrix notation
5 = t>-0 3.12
where 8 is the displacement vector at a point of the element, (!) is a
matrix defining the prescribed functions and 0 is the vector of 
generalised coordinates. Since the variations of 6x and 8y are both 
linear along each side of the element, the continuity requirements 
between the boundaries of adjacent elements are ensured.
Substituting for coordinates of the nodal points in Eq 3.12 gives
the nodal displacements of the element in terms of 0 as
d = A* 0 3.13
where d is the element nodal displacement vector and A is a matrix
consisting of coordinates of the nodes. Substituting for 0 in Eq 3.12
gives the displacements at any point of the element in terms of the nodal
displacements as
See Fig 3.3b
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6 = (b - A . d 3.14
~1
The matrix (|) • A is called the 'displacement interpolation matrix1. The 
strain vector in plane stress conditions is represented as
3.15
£x b  6 x / 6 x
6 = ty = 5 8y/dy
tx  y 5 8 x / 5 x  + b 8y/by
This vector may be obtained in terms of 8 using Eq 3.11 as 
t  = C-0 3.16
where C is a matrix depending on the displacements 8x and 8y. The strain 
vector corresponding to the nodal points is
e = C*AH • d 3.17
-l
The matrix C-A is denoted by B and is called the 'strain matrix'. 
Hence,
6 = B-d 3.18
The stresses at a point of a linear elastic body in plane stress 
conditions are given by
’ dx =[e/(1-jj2)]( 6 x  + [i 6y) 
dy =[E/(l-p2)]( 6y + p 6x) 
txy =[E/2(l+p)] 6xy 
or in matrix notation
3.19
o = D-e 3.20
where 6 is the 'stress vector1 and D is the 'elastic matrix' containing 
the elastic properties of the element. The internal stress components 
for the element are shown on a small parallel piped cut out of the 
element, as illustrated in Fig 3.3b. Substituting for i  in Eq 3.19, the 
relation between the internal stresses and nodal displacements is 
obtained as
6 = D-B-d 3.21
Using the principle of virtual work and equating the work done by the
nodal forces to that of internal stresses, the stiffness matrix of the
element is obtained as
= j  B^D-B-dV 
V(vol)
3.22
The nodal displacement vector and nodal force vector of the element under 
consideration are related by a relation of the type pm = Km* dm which, in 
the partition form, may be represented as
pix
ply Kll ! K12 K13 ! K14
r  ciix i
diy
p2x
p2y K21 ; K22 K23 ! K24
d2x
d2y
p3x
p3y K31 ! K32 K33 ! K34
d3x
d3y
p4x 
L p4y J _ K41 ! K42 K43 ! K44 _
d4x 
. d4y _
3.23a
or in a symbolic notation, 
p = Km • d 3.23b
where Km is the stiffness matrix of the plate element. An explicit form 
of this matrix is given in Appendix 2. Now, to determine the internal 
stresses in the element, one can substitute for c from Eq 3.18 in Eq 3.20 
to obtain
Cf = D-B-d 3.24
The matrix D-B is known as the 'stress matrix'.
I t  can be concluded from Eqs 3.11 and 3.15 that the variation of dx over 
the element is independent of x and linearly dependent on y. Similarly, 
the ty  is constant in the y direction whilst varies linearly with x. The 
shearing strain 6xy, on the other hand, varies linearly in both x and y 
directions. It  follows from Eq 3.20 that all stress components vary 
linearly along each side of the element. As a result of this, the 
calculated stresses at the boundaries of the adjacent elements are
discontinuous. In practice, the value of a stress component at such a
boundary point is obtained by averaging the calculated values at that 
point for all the neighbouring elements.
3.7 BENDING ACTION
Consider the rectangular plate element whose associated coordinate system 
and node numbering together with the components of forces and
displacements are shown in Fig 3.4a.
In a similar manner, as described for the plane stress element 
above, polynomial expressions can be used to approximate the 
displacements corresponding to the plate bending.
The possible movements at any point of this element are one lateral 
displacement and two rotations. Since these rotations are related to the 
lateral displacement, i t  is only necessary to specify a displacement
function for the lateral displacement.
To evaluate the generalised coordinates 0, in terms of the element 
nodal point displacements, i t  is required to have as many unknown 
generalised coordinates as the element nodal point displacements. The 
number of such unknowns parameters for the plate bending element is equal
See Fig 3.4b
Y
m
m
Fig 3.4b
to twelve. A function may thus be given by
6z = 01 + 02-x + 03‘y + 04*x2+ 05-xy + 06-y2+ 07-x^
+ 88-x2y + 99-xy2+ 01O-y3+ 011-x3y + 012-xy3 3.25
The rotations
0x = -d 8z/dy and 0y = 5 8z/6x 3.26
can then be obtained from Eq 3.25. The stiffness matrix of the element 
can then be obtained using the same approach as in the plane stress 
element [34].
The prescribed displacement functions, in general, must satisfy the
conditions of completeness and compatibility. A displacement function is
complete i f  i t  represents all the constant strain states and is said to 
be compatible i f  i t  ensures the continuity of displacements throughout 
the structure. Application of a function satisfying these conditions 
would give rise to an approximate solution which converges monotonically 
to the exact solution as the element size is reduced.
The variations of the displacement function represented by the 
polynomial expression in Eq 3.25 is cubic along both x and y directions. 
Since a cubic is uniquely defined by four constants, the displacement 
along an inter-element boundary (with the values of x or y being
constant) is defined uniquely by the corresponding two end values of 
lateral displacements and rotations.
The variation of the rotation normal to a boundary line of the 
element is also cubic. As on such a line only two values of the normal 
rotation are defined, the cubic is not specified uniquely and, in 
general, a discontinuity of normal rotations will occur. A function of 
this type is called an 'incompatible (nonconforming) function'.
The convergence to the correct solution is, in general, not 
guaranteed i f  a nonconforming function is used in the analysis. However, 
the above plate bending element has been used frequently and so far
proved to be capable of giving satisfactory results in practical problems 
[2,24,46].
A displacement function that ensures complete compatibility along 
the boundaries of the element is employed in the present work [4]. The 
lateral displacement 5z for this element is expressed in terms of Hermite
polynomials for two dimensions. The total potential energy principle is 
then used to derive the element stiffness matrix based on this 
displacement state. To begin with the concepts of Hermite polynomials, 
consider a function n(x) represented as a linear combination of m 
independent functions Li(n) as follows:
n(x) = nl-Ll(x) + n2-L2(x) + ... + nm*Lm(x) 1 3.27
where nl, n2, ..., nm are the values of n(x) at points xl, x2, ..., xm,
respectively, and where m is the number of generalised coordinates. The 
functions Li(x) are polynomials of degree m-1 given by
It can be seen from Eq 3.29 that the polynomial has a value of unity for
xj i f  i=j and zero when ifj. Thus from Eq 3.28 n(x) = ni for x = xi.
The above polynomials are known as Lagrange interpolation polynomials.
Now, le t i t  be required to find the cubic interpolation polynomials
Htj associated with the polynomial approximation
which has the same value and derivative as the function f(x) at x=0 and 
x=g. One may write function u(x) in terms of a cubic Lagrange 
polynomials associated with the four points x=0, c, g-c and g to obtain
or m
3.28
L im( x ) - (x-xl)(x-x2),...,(x-xi-l)(x-xi+l),...,(x-xm) 3.29
(xi-xl)(xi-x2),...,(xi-xi-l)(xi-xi+l),...,(xi-xm)
u(x) = f(0) • Hoi + f'(0) 'H ll + f(g) *Ho2 + f'(g)'H12 3.30
u(x) = u(0)*Ll + u(c)*L2 + u(g-c)-L3 + u(g)«L4 3.31
This expression may be rearranged and written as
u(c)+u(0) u(c)-u(0) L2-L1
u(x) =1------2----- ^ LX+L2) + 1------E----- 1 ( T ~ )C
u(g)+u(g-c )) (L3+L4 ) + { uts^Jitg-c) L4-L3 3>32
Letting c —> 0 gives
u(x) = u(0) • Hoi + u'(0) • H ll + u(g)-Ho2 + u'(g)-H12 3.33
where
Hoi = Tim (L2+L1) = (2x3- 3gx2+ g3) g  ^
c-»o
_2
H ll = Tim ( c(L2-Ll)/2) = (x3- 2gx2+ g2x) g 
c -^ >0
■a o - 3  
Ho2 = lim (L3+L4) = -(2x - 3gx ) g 
c->o
_2
H12 = lim c (L4-L3)/2 = (x3- gx )^ g 
c ->o
3.34
The functions Hoi, Ho2, H ll and H12 are known as a Hermite polynomial and 
are shown in Fig 3.5 [24]. These polynomials have some properties as 
follows:
Hoi(xj) = v\j and d [Hoi(xj)]/dx = 0 
where vij is equal to 1 i f  i=j and equal to 0 i f  i^j.
Hli(xi) = 0 and d [Hli(xj)]/dx = v\j
where vtj is defined as above.
The lateral displacement 6z can then be approximated by 
2 2
Sz * w(x,y) = z r  [ Hoi(x) Hoj(y) wtj 
i=i j=i
+ Hli(x)*Hqj(y) * b wtj/bx + Hol(x)• Hlj(y) • b wiyby] 3.35
where a product of the form Htj(x) • Htj(y) represents a shape function 
in two dimensions. The functional form w(x,yk) depends only on 8zlk and
' * 9  3 .
*-X
w
VS- 5.
8z2k and their derivatives with respect to x and y. This means that i f  
two adjacent elements have the same values at their common nodes, they 
will have the same values along the entire common boundary.
The strain energy of the system is given by
U = 1/2 f t D i  dv 3.36
V(vol)
where 6 and D for plate bending are defined using the strain-displacement 
and stress-strain relations, respectively.
‘ tx ' _b^8z/6x2 "
t  = ty = 628z/6y2
2628z/6x6y
and
“ Mx ' ' 1 y 0
tf = My = E/12(l-p2) V i 0
Mxy _ 0 0 (l-p)/2 .
where Mx, My and Mxy are internal bending moments per unit length for a 
plate with unit thickness. These internal moments associated with a 
small portion of the element are shown in Fig 3.4b.
Substituting Eqs 3.37 and 3.38 in Eq 3.36 gives
U = Et3/24(l-p2) j  [(d28z/dx2)^+ (62&z/dy2)^
A(area)
+ 2p(62 6z/6x2 )(d28z/6y2 ) + 2(l-p)(b25z/dx6y)^ ] dx dy 3.39
where 5z is the lateral displacement function given in Eq 3.35.
The total bending potential energy for the element can then be obtained 
by adding the potential energy of the external loads. Taking the partial 
derivatives of the total potential energy with respect to the independent 
degrees of freedom (w\f, dwtj/dx, dwij/dy) and setting these equal to 
zero, one obtains
pb = Kb-db 3.40
where Kb is the stiffness matrix of the element which is given in 
Appendix 2. The nodal displacement vector db and nodal external load 
vector pb are given by
db = [dlz 61x 01y d2z 02x 02y d3z 03x 03y d4z 04x 04y]t
and 3.41
t
pb = [plz mix mly p2z m2x m2y p3z m3x m3y p4z m4x m4y]
3.8 MEMBRANE TOGETHER WITH BENDING ACTION
There is no interaction between the membrane and bending actions for the 
linear behaviour of the plates. A plate element for in-plane (membrane) 
action combined with bending action can thus be obtained by superimposing 
the plate bending behaviour and the plane stress behaviour, as discussed 
above.
Consider a rectangular plate element subjected to plane and
flextural stresses, as shown in Fig 3.6. The elements derived in 
sections 3.6 and 3.7 can be Combined together resulting in a rectangular
element with 5 degrees of freedom per each node. It should be recalled
that the local rotations about the z-axis (0z) at nodal points of the
element have not been included in the formulation. Since this element 
will be used combined with the skeletal members of space grids, i t  is 
necessary to assume six degrees of freedom per node. To accomplish this, 
there are different techniques available. However, as far as the present
work is concerned, the degrees of freedom which correspond to 0z are 
considered to be constrained. The general pattern of the stiffness
matrix of the plate element with six degrees of freedom is shown in Fig 
3.7.
The plate elements will be used in a plane parallel to the global
x'y' plane. Thus, the element stiffness matrix corresponding to the 
local coordinate system remains unchanged in the global coordinate
system.
I t  should be pointed out that unless otherwise noted from now on 
the x'jy'jZ1 global coordinates are used without dashes in this work.
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3.9 SOLUTION OF SIMULTANEOUS EQUATIONS
There are two different approaches for solving Eq 3.10: direct approach
and iterative approach. An example of the direct approach is the
Gaussian elimination technique. In an iterative method a chosen 
approximation to the exact solution is improved successively until the
required precision is obtained. Gauss-Seidel technique is an instance of 
such a method [25,28,29]. The solution method adopted in this work is a 
direct method using Gaussian elimination. Consider the set of
simultaneous equations
K-d = w 3.42
where K is the stiffness matrix, d is the unknown nodal displacement 
vector and w is the nodal external load vector. The stiffness matrix K
is reduced to an upper triangular matrix (triangular decomposition of
!<)from which the unknown displacements d can be calculated by 
back-substitution [19]. The reduction of K to an upper triangular matrix
S may be represented by
K = L-S 3.43
where L is a lower triangular matrix with unit diagonals. Since K is a 
symmetric matrix (for linear behaviour of structures), the
triangularisation of the stiffness matrix may be performed using modified 
Cholesky factorisation as
where D is a diagonal matrix containing the diagonal elements of matrix 
S. The solution of Eq 3.42 can thus be obtained in the following manner:
Substituting Eq 3.44 in Eq 3.42 one can obtain 
t
t 3.44
L-D-L -d = w 3.45a
or
L-Z = w 3.45b
where Z is obtained by reducing the nodal load vector w. Matrix L is 
also obtained by reducing the matrix K. This stage of solution is known 
as 'reduction1 or 'forward-elimination'. The unknown displacements can 
thus be calculated from
t  -1
L .d = D . Z 3.46
This stage is called 'back-substitution'. In practice, the most 
important part of the solution is the reduction of matrix K which will be 
described in more details later in this section.
It  should be pointed out that, since the stiffness matrix K of a 
statically stable structure is always positive definite, i t  follows that 
all the diagonal elements of i< are nonzero and that they remain so 
throughout the solution process.
In a structure with many degrees of freedom the number of zero 
elements in the stiffness matrix can be a large number. However, whether 
or not the matrix is banded depends on the node numbering used for the 
structure [ 9,22,35].
An efficient routine for solving the above simultaneous equations 
must be used to avoid useless operations with the zero elements. To do 
this an efficient storage scheme can be utilised to store the matrix K 
and then a version of Gauss elimination may be employed to solve the 
equations. Such a scheme is known as 'variable band' or 'skyline' method
and is used in this work. Fig 3.8 shows graphically the envelope of the
variable band of a K matrix where all the nonzero submatrices of K fall 
within the envelope. The envelope of the constant band is also indicated 
by dotted line.
As i t  can be seen from Fig 3.8, there exist a considerable number 
of zero elements between the two envelopes. This implies that the 
variable band method requires less operations and storage as compared 
with the constant band solvers.
To assemble the element stiffness matrices using variable band 
storage scheme, i t  is necessary to establish the addresses of the
elements in K. To do this, an address sequence can be used to locate the
positions of the leading diagonal elements of K.
Using ni to denote the row number of the first nonzero element in
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column i, the variables (i-ni) are the column heights (Fig 3.8). To 
determine the row numbers in the stiffness matrix, the equation numbers 
corresponding to each element's degrees of freedom are obtained from the 
element node numbers. These are then stored in an array, say LEN. The 
column heights are then determined by evaluating ni using the LEN arrays 
of the elements of the structure. With the column heights defined, i t  is 
now possible to define the address array for leading diagonal elements.
Consider a matrix K shown in Fig 3.9 with its elements partially 
being numbered as indicated. The diagonal address array relating to this 
matrix is denoted by IDA and is also shown in Fig 3.9. For example, the 
addresses of the elements in a column, say j  are 
IDAffl, IDAffl+l, IDAffl+2, ..., IDA(j+l)-l.
Having defined the above address array, the elements of K within 
the variable band envelope can then be stored in a one-dimensional array 
as given by
STF = [1 2 3 5 6 7 8 9 10 ... 150 151 152 153 154 155 156]
Now, consider a given stiffness matrix arranged in the manner described 
above. As the stiffness matrix is a symmetric matrix, only the 
right-hand side of this matrix is shown diagrammatic ally in Fig 3.10. A 
compact elimination method is used to reduce the matrix which is called 
the Crout variation of Gauss elimination. In this method, the 
elimination of a column say FG is performed by referring to the elements 
within the triangle EFG only. The reduction for the above matrix is 
illustrated by the required operations for the column FG. Fig 3.11 shows 
a sketch of the triangle EFG of Fig 3.10.
Let i t  be required to modify an off-diagonal element in the column 
FG (j-th column in K), say ai, to become an element of the L matrix. 
Suppose all the elements in column i and those in column j  situated above 
ai have been modified before. Also, le t each of these element be divided 
by the modified diagonal element in the row which corresponds to that 
element. Referring to Fig 3.11, the elements in column i are then the 
Gauss multiplying factors for elements in row i. One can thus obtain the 
following algorithm:
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where b i-1 , b i-2 , ..., br are the elements in column i and where ai* 
represents the modified ai. This value is then divided by the diagonal 
element in row i (Di) and the final result is substituted in ai. It  can 
be realised that the modified off-diagonal elements in column j  are the 
Gauss multiplying factors for diagonal element in this column (Dj). 
Therefore, Dj can be modified at the same time using
The elements in the first row of K are not modified but the off-diagonals
are divided by the diagonal element. The rows of K which correspond to
the restrained degrees of freedom remain unchanged.
It  should be pointed out that the above modification would result
in an upper triangular matrix whose diagonals are the elements of matrix
D and its off-diagonals are the elements of matrix L.
The operations performed on the right-hand side vector w are the 
same as those performed on a column of K. Indeed, the elements of w are 
determined by treating w as an additional column of K. After the 
forward-elimination process has been completed for matrix K and vector w, 
the process of back-substitution is carried out to give the solution
which is given in vector w.
3.10 THE PROGRAM
A computer program has been evolved using FORTRAN! 77 to carry out the
analysis of a number of structures for the present work. The program can
be used to solve the space skeletal structures and space composite grid 
structures. The basic parts of the program are: preprocessing,
postprocessing and analysis parts. The first two of these will be 
described in the next chapter.
The analysis involves the implementation of the theory described 
earlier in this chapter. The solution of simultaneous equations is
achieved by means of an in-core skyline method. This requires the
equations to be retained in the high-speed store. Therefore, the size of
the problem is limited by the storage capacity of the computer used. 
However, with the core size available for this work the program is
i-l
3.48
m=l
capable of handling the required cases.
Some examples of plates with exact solutions from Ref 43 have been
selected to test the program. In addition, for more complex structures,
such as space composite grids, the results of some analyses obtained from
the program were compared with those obtained from the LUSAS package. In
all cases the results^found to be satisfactory, 
were
CHAPTER 4 
PREPROCESSING AND POSTPROCESSING
4.1 INTRODUCTION
A large number of analyses were planned to be earned out for dense 
double layer grids in the present work. One of the main problems
involved in the analysis of these structures has been the amount of data
to be prepared. The evaluation of printed output for a large number of 
such structures has also been an awkward task. Therefore, the use of an 
efficient approach to handle the generation of data and a suitable
technique to represent the output has seemed to be necessary.
4.2 PREPROCESSING
The concept of formex algebra together with the programming language 
Formian have been employed for handling data (Chapter 2). Typically, 
data consists of: topological properties, geometrical properties, load
information, support information and material properties. A set of 
formices have been derived to represent different types of discrete
members, finite elements, loaded joints and support joints of the 
structure. These formices have then been reproduced in terms of a joint 
numbering pattern (Sec 2.4.7) and are denoted by
DMi : representing all the discrete members of type i,
DCM : representing all the plate elements,
DLi : representing all the loaded joints of type i,
DSi : representing all the support joints of type i,
NUM : representing all the joints of the structure in the order of 
required numbering.
The above formices can be generated through Formian. Two subroutines 
have been designed to arrange the required data using the output of 
Formian. These are called LINK1 and LINK2. Subroutine LINK1 obtains the 
following items:
(a) number of discrete members for each type (this number of a member of 
type i is denoted by NO Mi),
(b) number of plate finite elements (this is denoted by NEL),
(c) number of joints of the structure (this is denoted by NOJ),
(d) number of loaded joints for each loading type (this number of loading 
type i is denoted by NOLi),
(e) number of support joints for each support type (this number of
support type i is denoted by NOSi).
The first record in a file that stores a generated formex contains
information regarding its order, grade and plexitude which can be used to 
obtain the above numbers. Once these items of information have been
obtained, the rest of the required data is handled by subroutine LINK2.
This subroutine is described in terms of the following example:
Consider a structure consisting of m different types of skeletal
members, one type of plate element and n nodal points. Also, le t this
structure be subjected to p different types of loading and have r
different types of support. Let the required list of members, elements, 
nodal loads, nodal supports and node coordinates of the structure be
denoted by LOM, LEL, LOL, LOS and LOJ, respectively. These arrays are
set up using subroutine LINK2. The general layout of arrays LOM, LEL,
LOL and LOS are shown in Figs 4.1 to 4.4, respectively.
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The list of node coordinates can be obtained through formex NUM. First, 
i t  is necessary to adopt a retronorm appropriate to the structure for
which data is being generated, for example, suppose that the structure is 
a double layer grid. Hence, a linear transformation is to be used in 
terms of the basifactors b l, b2, b3 associated with the linear
coordinates x, y, z, respectively (Sec 2.3.3). The coordinates of the
i-th  jo int of the structure represented by signet [U l, U2, U3] in NUM can 
then be obtained from
xi = b l*U l, yi = b2*U2, zi = b3*U3 
These are then stored in i-th row of LOJ.
It  should be noted that the generation of data cannot be carried out 
until some preliminary items of information are prepared. These consist 
of: number of member types, number of load types, number of support
types and the values of the basifactors. In addition, information 
regarding the cross-sectional and material properties, load magnitudes
and constraint particulars must be prepared by hand.
To illustrate the approach, consider a composite double layer grid 
whose plan view is shown in Fig 4.5. The overall dimensions of the grid 
in xy-plane are indicated in the figure while its depth is 1.20 m. Let 
the grid have three different types of skeletal members (top layer, 
bottom layer and web) and one type of plate element at the level of the 
top layer. Let the top layer joints be subjected to the vertical point 
loads pl=1000N and p2=2000N, where pi is applied at all the edge joints 
and p2 is applied at all the internal joints. The position of supports
is indicated by hollow and solid small squares in Fig 4.5, where a hollow
square implies a single vertical constraint and a solid square implies 
full translational constraint in all directions. The grid is assumed to
be a rigidly-jointed structure. The plate is idealised using 
corner-noded rectangular elements and the mesh employed is shown by the 
solid lines in Fig 4.5.
The required data is prepared in two parts. First, the required formices
are derived as follows:
G = RINID(11,12,2,2):[26,0,1]
TO = RINID(36,25,2,2):[0,0,1; 2,0,1] # RINID(37,24,2,2):[0,0,1; 0,2,1]
T = LUX(G):T0
H = RINID(12,12,2,2):[25,1,0]
BO = RINID(35,24,2,2):[1,1,0; 3,1,0] # RINID(36,23,2,2):[1,1,0; 1,3,0]
B = LUX(H):B0
WO = RINID(36,24,2,2):J[0,0,1; 1,1,0], [0,2,1; 1,1,0],
[2,2,1; 1,1,0], [2,0,1; 1,1,0]}
W = LUX(H):W0
CO = RINID(36,24,2,2):[0,0,1; 0,2,1; 2,2,1; 2,0,1]
C = LUX(G):C0
J = RIN(2,25,2):[0,0,1] # RIN(2,24,2):[1,1,0]
N = RIN(1,36,2):J # RIN(2,25,2):[72,0,1]
NN = G # H 
MUM = LUX(NN):N 
DM1 = DIC(NUM):T 
DM2 = DIC(NUM):B 
DM3 = DIC(NUM):W 
DCM = DIC(NUM):C
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LTO = RINID(37,2,2,48):[0,0,1] # RINID(2,23,72,2):[0,2,1]
# RINID(2,12,24,2):[24,2,1] # R IN (1,11,2):[26,24,1]
LT1 = LUX(G):LTO
DL1 = DIC(NUM):LT1
LTOO= RINID(30,20,2,2):[2,2,1]
GOO = RINID(12,13,2,2):[24,0,1]
LT2 = LUX(GOO):LTOO 
DL2 = DIC(NUM):LT2
51 = RINID(3,3,24,24):[0,0,1]
DS1 = DIC(NUM):S1
52 = RIN(2,3,24):[72,0,1]
DS2 = DIC(NU M):S2
The above formices are generated through Formian. The second part of 
data prepared by hand is as follows:
* Problem title: composite double layer grid
*  Force unit N
*  Length unit: mm
* Option numbers: 90, 4, 1, 20
where the implications of these numbers are:
90: The structure is a composite double layer grid.
4 : The effects of shear deformation (for discrete members) should be
considered and the structure contains members whose local 
xz-planes are rotated through angle c* with respect to the global 
xz-plane (see Fig 3.2 in Chapter 3).
1 : Suppress the printed output.
20: Suppress the nodal force output for finite elements.
*  Number of grids and number of layer in each grid: 1,3
*  Number of types of members in the top layer, bottom layer and web of 
the grid: 1,1,1
*  Young's modulus, poisson's ratio and thickness of the plate element: 
20000.0, 0.18, 100.0
*  Finite element option numbers: 1, 5
where the implications of these numbers are:
1: Use the compatible plate element.
5: Output the values of stresses for the centroidal point of a
finite element.
Values of basifactors b l, b2 and b3: 1000.0, 1000.0, 1200.0
Number of loading types: 2
Number of support types: 2
Table of properties of cross-sections of discrete members:
member type 
1 
2 
3
Hollow Circular Sections 
diameter thickness
114.3 3.6
139.7 5.0
139.7 5.0
Types of loads: la, lb
Table of geometric and mechanical properties for discrete members:
member type Es A Iy Iz Fs J f l f2 oc
1 2E5 125E1 192E4 192E4 0.3 384E4 2 2 0.0
2 2E5 212E1 481E4 481E 4 0.3 962E4 2 2 0.0
3 2E5 212E1 481E4 481E4 0.3 962E4 2 2 0.0
Where:
Es = Young's modulus
A = Cross-sectional area
Iy = Second moment of area about y-axis
Iz = Second moment of area about z-axis
[is = Poisson's ratio
J = Torsional constant
f l  = Shear coefficient in y-direction
f2 = Shear coefficient in z-direction
ck = The angle between the local and global xz-planes
*  Table of load magnitudes:
load type px py pz mx my mz 
1 0.0  0.0  - 1000.0  0.0  0.0  0.0
2 0.0  0.0  - 2000.0  0.0  0.0  0.0
*  Table of support particulars
support type dx dy dz 9x 9y 0z
1 0 1 0 0 0 0
2 1 1 1 0 0 0
where 1 stands for a constrained degree of freedom and 0 stands 
for an unconstrained degree of freedom.
Having provided the above information, the program can be executed to 
generate the required data and analyse the structure. In addition to the 
formex formulation, some other items of information may conveniently be 
kept for future reference. These have been arranged in a single page for 
each problem. Such an output for the above example is given in Table 
4.1.
Table 4.1
COMPOSITE DOUBLE LAYER GRID 
Units: N,mm
Number of degrees of freedom per joint 
Thickness of plate 
Slab modulus of elasticity 
Slab poisson's ratio 
Basifactor in the 1st direction 
Basifactor in the 2nd direction 
Basi factor in the 3rd direction 
Number of top layer members 
Number of bottom layer members 
Number of web members 
Number of skeletal elements 
Number of continuum elements 
Number of joints 
Number of support joints
CROSS-SECTIONAL AND MATERIAL PROPERTIES
MEM TYPE E A J Iy Iz p D t
TOP MEM 0.2E6 0.125E4 0.384E7 0.192E7 0.192E7 0.30 114.3 3.6
BOT MEM 0.2E6 0.212E4 0.962E7 0.481E7 0.481E7 0.30 139.7 5.0
WEB MEM 0.2E6 0.212E4 0.962E7 0.481E7 0.481E7 0.30 139.7 5.0
LOADING INFORMATION
Px Py Pz Mx My Mz
0.00  0.00  - 1000.00  0.00  0.00  0.00
0.00  0.00  - 2000.00  0.00  0.00  0.00
LOAD TYPE la 
LOAD TYPE lb
6
=  100 
=  20000 
= 0.18 
=  1000 
=  1000 
=  1200 
= 1512
= 1368
= 2880 
= 5760
= 720
= 1513
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4.3 POSTPROCESSING
After the analysis, the results of nodal displacements, internal forces 
and plate stresses are stored in different files. A program has been 
written in FORTRAN 77 which incorporates routines from the graphics 
library GINO. These routines perform graphics tasks and, when called in 
succession, produce graphical output. These files are supplied to the 
graphics program when requested. The program will produce the graphs 
using the following features:
The deflection at each joint of the bottom layer is represented by 
a circle whose diameter varies with respect to the magnitude of the 
deflection. In addition, the ratio of the deflection to the maximum 
deflection of the structure is written on the right-hand-side of the 
circle. This ratio is given by a factor in permfllage, that is, parts 
out of a thousand. The ratio is positive for an upward deflection and is 
negative otherwise. The circle is shown hollow for a positive deflection 
and is shown solid otherwise. An example of such a graphical output is 
shown partially in Fig 4.6a.
The axial force/stress in a member of the top layer, bottom layer 
or web of the grid is represented by a rectangle whose longitudinal axis
of symmetry coincides with the member line. The width of the rectangle 
varies with respect to the magnitude of force/stress in the member. The 
associated ratio is also written above the rectangle, where a positive 
number specifies tension and a negative number specifies compression. In 
addition, empty rectangles and solid rectangles are utilised to imply the 
tensile and compressive force/stress, respectively. Fig 4.7a shows 
partially the internal forces in the top layer of a double layer grid.
In a similar fashion, principal stresses and directions in a plate
element are shown for the centroidal point of the element (Fig 4.8a). 
Since a plate element involves the combination of membrane and bending 
actions, the stress components in a point of the element are obtained by 
superimposing the effects of these actions. The principal values can
then be determined using the resultants of the stress components at that 
point. These values are shown for the top, bottom and middle fibres each 
by means of a separate graph. The sign convention used for membrane 
stresses and bending stresses are shown in Figs 4.9 and 4.10,
respectively [39].
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Each graph is produced together with a factor. This factor is used
to obtain the values of the quantities represented in the graph. For
example, the value of the deflection at a point is determined from the 
product of the ratio written for that point and the factor given in the 
related graph.
Some of the graphical output was produced using colour convention.
The red and blue colours were employed in these graphs to specify tension
and compression or downward deflection and upward deflection, 
respectively. Figs 4.6b, 4.7b and 4.8b show some examples of this type. 
As i t  may be realised, a graphical output has the merit of allowing a 
considerable amount of information to be represented in a single drawing 
together with the pattern of behaviour of the structure.
CHAPTER 5
RENECTION METHOD
5.1 INTRODUCTION
The concept of renection relates to analysis of dense double layer grids. 
This approach is based on transforming a dense grid into a similar grid 
with lower density. The response of the actual structure can then be 
predicted through the solution of the reduced model under similar loading
and boundary conditions. A number of practical examples were analysed
using the renection method and the results were compared with precise
solutions to assess the accuracy and the limitations of the proposed
technique. The examples were selected from the following three different 
types of double layer grids:
(a) square on square grids,
(b) diagonal on diagonal grids and
(c) diagonal on square grids.
Various examples were considered with different loading types and support 
conditions. Members were assumed to be pin-connected and to carry only 
axial forces. The material presented in this chapter is concerned with 
the skeletal double layer grids. However, an investigation was also made 
of composite double layer grids which will be discussed in the next
chapter.
5.2 BASIC CONCEPTS
To explain the fundamentals of the renection method, i t  is best to start 
with single layer grids. The basic concepts of the method are then 
extended for skeletal and composite double layer grids.
5.2.1 CONFIGURATION DENSITY REDUCTION
Consider an extremely dense single layer grid as shown in Fig 5.1. This 
grid is denoted by A with its boundary lines forming a square, and its
interconnection pattern being shown in the figure. It  is assumed that 
the members of the grid are equally spaced in both directions and all the 
members have the same geometric and material properties. The grid is 
subjected to equal vertical point loads applied at all the joints and is 
simply supported at all the joints along the boundary lines.
Let the grid shown in Fig 5.2 be obtained from grid A by removing
every other non-boundary member line in each direction. This grid is
denoted by B, having the same interconnection pattern, overall dimensions
and member cross-sections and materials as for grid A. Grid B is loaded 
and supported in the same fashion as described for grid A with the 
magnitude of the total load over the grids being equal.
Now, let the density of grid A be gradually increased to become 
infinitely dense. This implies that grid B which is a reduced version of 
grid A will also become infinitely dense (A finite ratio of infinity is
also infinite). It should be noticed that such grids, although
approaching infinite density, remain discrete and preserve their 
particular characteristics. In a discrete system, the stresses are 
distributed in a specific pattern as dictated by the interconnection 
pattern of the system. In a continuum system, on the other hand, the
pattern of distribution of stresses is only influenced by its geometry, 
applied loads and support conditions.
Returning to the discussion regarding grids A and B, i t  may be 
stated that the number of member lines of grid A becomes twice that of 
grid B as the number of divisions in grid A increases indefinitely. To 
illustrate this, suppose Da and Db are the number of divisions in each 
direction in grids A and B of Figs 5.1 and 5.2, respectively. Also, le t
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the number of member lines in grids A and B be denoted by Ma and Mb, 
respectively. These can be described in terms of the numbers of 
divisions as follows:
Ma = 2 (Da + 1)
and
Mb = 2 (Db + 1)
since, Da = 2xDb, then
Mb = 2 (Da/2 + 1) 
hence
Ma/Mb = (Da + l)/(0.5xDa + 1)
and
Lim Ma/Mb = 2 
Da -> oo
The above ratio for grids of Figs 5.1 and 5.2 is 1.97.
Grids A and B have the same interconnection pattern, overall 
dimensions, member geometry, material properties, loading and support 
conditions. The main difference between these grids is the amount of 
material of which the grids are made. The number of member lines of grid 
A in each direction is twice that of grid B with the distribution of 
these members being uniform over the areas of the grids. Therefore, the
amount of material in grid A is twice that of grid B. Under these
conditions, the infinitely dense grids A and B have similar patterns of 
behaviour and the ratios of the forces and displacements at a chosen 
point of grid B and those at the corresponding point in grid A are equal 
to the ratio of the amount of material in grid A and that of grid B. 
That is,
Po = (1/2) pK a b
and 5.1
da = (1/2) db
where pb is the vector of internal forces at the chosen point in grid B
and pa is that for grid A, and where db is the vector of displacements at
the chosen point in grid B and da is that for grid A.
The 'density' of the configuration of a grid, or density of a grid
for short, relative to that of another grid having the same
interconnection pattern, overall dimensions and member section properties
is the ratio of the total length of members in the grids. For instance,
the density of grid A of Fig 5.1 whose total length of members is nearly 
twice that of grid B of Fig 5.2 is almost twice that of grid B. This
relative density can also be expressed in terms of the ratio of the
number of joints in the grids and this will be described in Section
5.2.2.
Now, consider grid C which is also obtained from grid A, this time 
by removing two out of every three non-boundary member lines in each 
direction, as shown in Fig 5.3. The members of grid C have the same 
cross-sections and material properties as grid A. Furthermore, this grid
is loaded and supported in the same manner as grid A with the magnitude 
of total load over the grids being equal.
In a similar manner as described for grid B, the density of grid C 
will become infinite as the density of grid A becomes infinite. The 
behaviours of these grids are also similar. The number of member lines 
in grid C is one third that of grid A in each direction and thus the
amount of material in grid A is three times that of grid C. Therefore,
one can write
Pa = (1/3) pc
and 5.2
da = (1/3) dc
where pc is the vector of internal forces at the chosen point in grid C
and pa is that for grid A, and where dc is the vector of displacements at
the chosen point in grid C and da is that for grid A.
In the same fashion as grids B and C were derived from grid A,
other grids having different densities can be obtained from grid A. The
relationships between the behaviour of grid A and any of these grids are
similar to Eqs 5.1 and 5.2 and are, in general, of the form
P = R*Pr
and
d = R.dr
5.3
where pr is the vector of internal forces at the chosen point in a reduced 
version of grid A and p is that for grid A, and where dr is the vector of 
displacements at the chosen point in the reduced grid and d is that for 
grid A. Also, R represents the ratio of the amount of material in the 
reduced grid to the amount of material in grid A. This ratio is referred 
to as the 'material ratio'.
Equations 5.3 are exact when grid A is infinitely dense. In 
practice, however, any grid has a finite density. The grids of Figs 5.1 
and 5.2 (grids A and B) are examples of dense practical grid structures.
Considering the high density of grids A and B, i t  is reasonable to 
expect that Eqs 5.3, which are exact for the infinitely dense grids,
should be applied approximately for these grids. The behaviour of grid A
can thus be predicted approximately from the behaviour of grid B using 
Eqs 5.3. It is, of course, logical to expect that the accuracy of 
results reduces as the densities of the grids are decreased. For
instance, the application of Eqs 5.3 for grids A and B results in smaller 
errors as compared with their application to grids B and C.
As with grid B, grid C of Fig 5.3 can also be employed to
approximate the behaviour of grid A using Eqs 5.3. However, grid B will
give a better approximation of the behaviour of grid A since i t
represents with greater accuracy the local variations in the behaviour of 
grid A. Grids B and C are not the only reduced versions of grid A. 
Indeed, any grid of lower density whose interconnection pattern, overall
dimensions, load and support conditions are the same as those for grid A 
is a reduced version of grid A. A reduced version of grid A which is 
obtained in the manner described above is referred to as a 'renecture' of
grid A. A more general approach for obtaining a renecture of a grid will
be discussed in Section 5.2.3. The method which makes use of the
information about the behaviour of a renecture of a given grid for
predicting the response of the grid is referred to as the 'renection
method'. A grid may have a number of different renectures with different
densities. For example, grids B and C are two chosen renectures amongst
many possible ones for grid A.
I t  should be pointed out that the idea of reducing a dense discrete 
structural system has been used by structural engineers for many years.
Although, due to lack of information regarding the limitations and
accuracy of the idea, i t  has had limited applications in practical cases.
However, the use of this idea by structural engineers shows the fact that 
the renection method is a natural engineering approach. The main 
objective of this work has been to prepare comprehensive information 
about different types of grids in terms of various numerical examples for 
double layer grids. As will be seen later in this chapter, the results 
of these examples clearly show that the behaviour of a dense grid can be 
predicted approximately through the behaviour of a renecture of that grid
with the degree of approximation lying within a range acceptable for 
design purposes. It  will be seen from these examples that the density
reduction cannot be continued indefinitely. There is a density for any 
given grid below which errors become unacceptable. This density depends 
on the configuration, loading and support conditions of the grid, and can 
be predicted from analytical experiments. The present work provides 
suitable guidance for determining the maximum level of reduction for each 
case in some families of double layer grids.
5.2.2 MATERIAL RATIO
The ratio of the total length of members of a renecture of a grid and 
that of the grid itself is referred to as the 'total length ratio'. A 
renecture derived in the manner described earlier in Section 5.2.1 has
the same member cross-section properties as for the original grid. 
Therefore, the material ratio R (see Eq 5.3) is proportional to the total 
length ratio. The total length ratio can be obtained either by direct 
calculation or using another approach which is more convenient and will 
be described in the sequel. As an example of direct calculation, the 
ratio for grids A and B of Figs 5.1 and 5.2 is obtained as follows:
If each member of grid A is of unit length. Then
Tr/T = (1860x2)/7320 = 0.508
where T and Tr are the total length of members in grids A and B, 
respectively. A similar approach may be used in the case of grids A and 
c, resulting in the ratio 0.344.
The density reduction for a given grid is, in fact, equivalent to 
the dilation of the pattern of configuration of the grid, or dilation of 
the grid for short. This is achieved by dilating the grid equally in two 
perpendicular directions within its original boundary. For instance, 
grid B can be considered to be a result of the dilation of grid A in the
directions parallel to its member lines and with the dilation factor
being equal to 2. Grid C of Fig 5.3 is another example of such a
dilation, this time, with the dilation factor 3.
Let, each small square in the plan of grids A, B and C be referred  
to as a 'module1. Each one of these grids consists of identical modules 
with their sides being equal to the length of the members in that grid.
Now, consider two typical modules in grids A and B associated with the
x-y Cartesian coordinate system, shown in Figs 5.4a and 5.4b,
respectively. Let the dilation factor in x and y directions be denoted
by f  where f=2. The area covered by a module in grid B to that in grid A
2is equal to f  , while both the grids have the same area. Therefore,
Ur/U = f~2 5.4
where U and Ur are the number of the modules in grids A and B, 
respectively. The perimeter of the module of Fig 5.4a is related to that 
of Fig 5.4b by
Cr/C = f  5.5
where C and Cr are the perimeters of the modules of Figs 5.4a and 5.4b, 
respectively.
The modules of a grid have all or some of their sides coincident 
with other modules. Thus the total length of members of the grid can be 
determined using only a part of the perimeter of each module. In grid A 
or B, there are three different types of modules having different degrees 
of influence in calculating the total length of members: internal
modules, sides modules (not including the corner ones) and corner 
modules. However, due to the high density of these grids, the total 
number of boundary modules is small as compared with that of internal 
modules. Therefore, all the modules in grids A or B are assumed to be of 
the type internal modules. The approximation, however, will be seen to
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be in a reasonable range. The modules of Figs 5.4a and 5.4b have similar 
weights in calculating the total length of members in grids A and B, thus
Tr/T -  Ur/U x Cr/C 5.6
The left-hand side of this equation is the total length ratio. 
Substituting Eqs 5.4 and 5.5 in Eq 5.6 gives
This equation implies that the total length ratio is approximately equal 
to the inverse of the dilation factor. On the other hand, as i t  was 
mentioned earlier in this section, the material ratio is proportional to 
the total length ratio. This means that the material ratio is almost
equal to 1/f. To give an idea of the order of approximation in Eq 5.7,
the total length ratio for grids A and B which was calculated earlier
(that is, 0.508) is compared with l/f=0.500 giving 1.6% error. This, for
grids A and C is seen to be 3.3%.
The ratio of the number of joints in grid A and that in grid B is 
referred to as the 'joint number ratio' for grids A and B. An 
interesting point is that the total length ratio can also be given in 
terms of the joint number ratio. Suppose N and Nr are the number of
joints in grids A and B, respectively. Reconsidering the modules of Figs
5.4a and 5.4b, i t  is seen that the number of joints in each module of
grid A is the same as that in grid B (cf, the ratio of the perimeteres).
Proceeding in the manner of Eq 5.6, one can write
Nr/N *  Ur/U 5.8
Tr/T *  1/f 5.7
or
-2
Nr/N * f 5.9
Taking square roots and substituting for f  from Eq 5.7 gives
5.10
The use of joint number ratio is often more convenient in the renection
method. This ratio for grids A and B is obtained as follows:
Nr/N = 961/3721 = 0.258
thus,
Jur/H = 0.508
This value is also compared with 1/f = 0.500 giving the same degree of
error as for the total length ratio for these grids.
So far, the application of the renection method has been
demonstrated in terms of simple grids with regular geometry whose member
lines lie  in x and y directions. Now, consider the case of a dense
single layer grid denoted by D, as shown in Fig 5.5. The members of the
grid are equally spaced in the directions indicated and are of the same
cross-section and material. Suppose grid D is dilated in two 
perpendicular directions, say x and y. The resulting grid whose overall 
dimensions are the same as those for grid D is denoted by Dr, shown in 
Fig 5.6. Let the dilation factor be denoted by f, where f  is equal to 2 
in this case.
Consider a typical member of grid D of length L and le t Lr be the 
length of a typical member in grid Dr having the same orientation as the 
member in grid D. These members associated with the x-y Cartesian 
coordinate system are shown in Fig 5.7, from which
Lr/L = f  5.11
Thus, the length of each member of grid Dr is twice that of grid D. The 
rest of the steps in obtaining the total length ratio for the present 
case is dealt with in the same manner as for grids A and B, resulting in
the same equation (Eq 5.7). The total length ratio and the joint number
ratio for grids D and Dr are calculated below and the results are 
compared with the inverse of the dilation factor.
(1) The total length ratio:
Each member of grid D is assumed to be of unit length. Thus,
Tr/T = (1176x2)/4704 = 0.500
This value is to be compared with 1 /f = 0.500 which is exactly the 
same as calculated ratio.
(2) The joint number ratio:
This value is also compared with 1/f = 0.500 giving 2% error.
5.2.3 DENSITY REDUCTION
The renection method described so far is based on reducing the density of 
the configuration of a grid through decreasing the number of its member 
lines in each direction. This, however, cannot be achieved for all the 
member lines in a given grid. For instance, in the preceding section, in 
deriving a renecture only the density of the configuration of internal
members of the original grid is reduced, while the boundary members are
remained unchanged. In other words, the material reduction is not
uniform over the area covered by the grid. This may reduce the 
similarity of behaviours of the grid and its renectures. In the
following discussion an approach is employed to deal with this problem.
Consider a typical structural member of arbitrary cross-section 
denoted by b, as shown in Fig 5.8. This member consists of an infinite
number of fibres along its longitudinal axis which can be imagined as
being the indicated bars of equal cross-section. The cross-sections of 
these fibres cover the area of the cross-section of the member and the 
term 'cross-section density' is used to refer to the density of these 
fibres. Suppose i t  is possible to reduce the number of fibres in member 
b with the distribution of the fibres being uniform over the 
cross-section. The resulting member is denoted by br, as shown in Fig 
5.9. The cross-section density in member br is then a fraction of that 
in member b.
Although the overall dimensions of cross-sections of members b and 
br are identical, their section properties (such as area and second
Nr/N = 683/2623 = 0.260
thus,
Member b
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moment of area) are different. The sum of the areas of fibre 
cross-sections in member br is only a fraction of that in member b. On 
the other hand, i t  is known from mechanics of materials that the section 
properties are defined as the integrals involving the differential
element of area of the cross-section. Since, the number of such 
differential elements in member br is a fraction of that in member b,
therefore, the section properties in member br should also be a fraction
of those in member b. Thus, i f  the area A of member b is m times the
area Ar of member br, then every section property of member b will be m
times the corresponding section property for member br.
The concept of member fibres has been used to provide a means for 
visualisation of cross-section density reduction. A reduction of the 
number of such fibres, although cannot really be achieved, is helpful to
convey a physical interpretation of the idea.
Returning to the problem of boundary members, one may now reduce 
the cross-section density in these members such that the ratio of 
cross-section density reduction for boundary members is the same as the 
ratio of configuration density reduction for non-boundary members. As
explained in Section 5.2.2, the ratio of configuration density reduction 
for a given grid is almost equal to the inverse of the dilation factor;
hence the ratio of cross-section density reduction should also be nearly
equal to the inverse of the dilation factor. For instance, since the
dilation factor for grids A and B is 2, then the cross-section density of
the boundary members in grid B is considered to be half that in grid A.
The use of the cross-section density reduction is not limited only 
to the boundary members. Indeed, whenever the configuration density 
reduction is not applicable to a member line, this approach is employed 
for the members lying in that line. Fig 5.10 shows an example of such a 
case. The grid of Fig 5.10, denoted by E, consists of two different 
types of members. The first type consists of members lying along the
middle member line in each direction and the second type consists of the 
rest of members. In this example, in addition to the boundary members, 
the cross-section density reduction should be applied to the members
lying along the middle lines. A renecture of grid E with f=1.6 is shown
in Fig 5.11. This renecture is denoted by Er. The cross-section density 
of boundary members in grid Er should be 1/1.6 times that of boundary 
members in grid E. That is, the section properties of these members in 
grid Er should be 0.625 times those in grid E. Similarly, the section 
properties of members lying along the middle lines in grid Er will be 
0.625 times those in grid E. The rest of members in grid Er have the 
same cross-section as the members of the second type in grid E.
The application of the configuration density reduction together 
with the cross-section density reduction is referred to as the 'density 
reduction1. A combined use of the configuration density reduction and 
cross-section density reduction in deriving a renecture from a given grid
would result in a better similarity of behaviours of the grid and its 
renecture. This, becomes more significant as the degree of regularity of 
the configuration is decreased. As an example, consider grid F of Fig 
5.12 whose members are of identical cross-section. Fig 5.13 shows a 
renecture of grid F with f=2, denoted by Fr. The cross-sections of 
non-boundary members of grid Fr are the same as those in grid F, while 
the cross-section density of boundary members in grid Fr are half those 
in grid F.
In Section 5.2.2 i t  was shown that the material ratio can be
obtained using the dilation factor. This may be achieved even with
better approximation, when using the cross-section density reduction
together with the configuration density reduction. To illustrate this, 
consider grid G of Fig 5.14 whose members are of identical cross-section. 
The non-boundary members of this grid are of identical length and so are 
the boundary members. Fig 5,15 shows a renecture of grid G with f=1.8, 
denoted by Gr. First, suppose all the members of grid Gr have the same
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cross-section as grid G. Assuming each member of grid G being of unit 
length, the length of each member of grid Gr becomes 1.8. The total 
length ratio for these grids can then be calculated as
Tr/T = 1.8x(2820)/8966 = 0.566 
Comparing this with l/f=  0.555 gives 2% error.
Now, let the cross-section density of the boundary members in grid Gr be
0.555 times that of its internal members (Thus, the section properties of 
the boundary members in grid Gr become 0.555 times those of its internal 
members). Hence
Tr/T = 1.8*(2700 + 0.555xl20)/8966 = 0.555 
which is exactly equal to the inverse of the dilation factor.
5.2.4 DOUBLE LAYER GRIDS
Double layer grids are extensions of single layer grid frameworks and 
consist of two parallel plane grids forming the top and bottom layers, 
interconnected by vertical and/or inclined web members [26]. Although, 
the principles of renection method has so far been developed in terms of 
single layer grids, there is no inherent limitation which prevents the 
application of these principles to double layer grids as well.
To illustrate the application of the renection method for double 
layer grids, i t  is best to start with the following example. Reconsider 
grid A of Fig 5.1, this time as a dense double layer grid, where both the 
top and bottom layers have the same plan view and there is a vertical web 
member at every top or bottom joint. All the members of grid A are 
assumed to be of the same cross-section. Also, the grid is assumed to be
under uniformly distributed load covering the area of the top layer, and
the bottom layer is considered to be simply supported along its 
boundaries. That is, the support joints are restrained from translations 
in all directions.
Now, le t the configuration of grid A be dilated in two 
perpendicular directions along the member lines of the top or bottom
layer with f=2. The resulting grid with its overall dimensions being the 
same as those for grid A can then be represented as grid B of Fig 5.2. 
Since, the dilation of grid A is carried out only in two directions in 
the planes of the top and bottom layers, its height always remains 
constant. The members of grid B (not including the boundary members) are 
assumed to be of the same cross-section as grid A, while the 
cross-section density of the boundary members of grid B is considered to 
be half that of grid A. Grid B is assumed to be under the same uniformly
distributed load as grid A, and its top layer is considered to be simply
supported along the boundary joints.
Grids A and B have the same interconnection pattern, overall
dimensions, member cross-section (except the boundary members), load and 
support conditions, but have different configuration densities. The
relationship between grids A and B in this new situation is similar to 
the case of grids A and B in single layer form, and therefore the 
relationship is described by Eqs 5.3.
Now consider two small similar isolated portions of grids A and B
with their positions being the same with respect to the grids boundaries, 
as shown in Figs 5.16b and 5.17b, respectively. The positions of these 
portions are indicated in the plan views of the grids by circles, Figs
5.16a and 5.17a. Since, grids A and B have the same load and support 
conditions, these portions should be under almost the same external 
conditions; hence the resultants of internal forces are almost the same 
around their boundaries. Also, since grids A and B have similar
behaviour, the distribution of internal forces and displacements should 
be similar over the areas of these portions. Variations of these forces 
and displacements are assumed to be uniform and continuous over the 
portions.
Consider two sections 1-1 and 2-2 having the same positions with 
respect to the boundaries of the portions, as indicated in Figs 5.16b and 
5.17b, respectively. It follows from the preceding discussion that the
resultant of each component of the internal force should almost be the 
same in these sections. The resultants of force components in sections
1-1 and 2-2 are shown in Figs 5.16c and 5.17c, respectively.
The number of cut members in section 1-1 is almost f  times (that
is, twice) that in section 2-2 with the distribution of the members being
similar over the sections. In addition, the corresponding cut members of
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sections 1-1 and 2-2 have the same orientation and position. As i t  was 
mentioned above, the distribution of the internal forces are similar over 
the sections with their variations being small. Therefore, since the 
resultant of each force component is almost the same for sections 1-1 and
2-2, thus the amount of the internal force of a cut member in section 2-2 
should be nearly f  times that of the corresponding member in section 1-1. 
Sections 1-1 and 2-2 have been used because they are simpler and easier 
to understand. However, any chosen pair of corresponding sections from 
the portions of Figs 5.16b and 5.17b, for example, sections 3-3 and 4-4, 
will give the same results. This means that the material ratio R in Eqs
5.3 is inversely equal to the dilation factor, as before.
Now consider another example of a double layer grid that includes 
inclined web members. Grid Q of Fig 5.18 is such an example. The Z-plan 
of the grid as well as its elevation are shown in the figure. It  is 
assumed that all the members of the grid are of the same cross-section. 
Also, the grid is assumed to be subjected to the equal vertical point
loads applied to the top layer joints, and its top layer is considered to
be simply supported along the boundaries.
Grid Qr of Fig 5.19 is a renecture of grid Q with f=2, and with its  
top layer having the same overall dimensions as those for grid Q. The 
members of grid Qr (not including boundary members of the top and bottom 
layers) are assumed to be of the same cross-section as grid Q, while the 
cross-section density of its boundary members (consisting of those of the
top and bottom layers only) are considered to be half those of grid Q.
Grid Qr is assumed to have the same load and support conditions as grid Q 
with the magnitude of the total load being the same for the grids.
Before proceeding further with grids Q and Qr, a modification is to 
be done in connection with the forces in their web members. A member
force in a structure can be compared with the corresponding member force
in its renecture, i f  the directions of the forces are parallel to each 
other. The orientation of a web member in grid Qr is different from that 
of the corresponding member in grid Q. Fig 5.20 shows the perspective 
views and elevations of two typical modules from grids Q and Qr. The 
dimensions of the modules are indicated in the figures and the angles of 
inclinations of the web members of grid Q and Qr are denoted by 0 and 0r,
respectively. It  can be seen from Figs 5.20c and 5.20d that:
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Lwr/Lw = sin0/sin0r 5.12
where Lw is the lengths of a typical web member in grid Q, and Lwr is
that for grid Qr. Now consider a typical web member of the renecture
shown in Fig 5.21a. The projection of internal force of this member in 
the plane perpendicular to the top or bottom layer plane, or vertical 
projection for short, is denoted by V, and is obtained from
V = Fr- sin0r 5.13
where Fr is the internal force of the web member of grid Qr. Suppose
this member is moved to rotate in its vertical plane to a new position
having angle 0 with respect to the horizontal plane (that is, parallel to 
the corresponding web member of the structure), Fig 5.21b. The internal 
force of the member in the new situation is denoted by Frm. The vertical 
projection of force Frm is assumed to be the same as that of Fr. 
Therefore,
Frm = V/sin0 5.14
Substituting for V from Eq 5.13 in Eq 5.14, and then substituting for 
sines of the angles from Eq 5.12 gives
Frm = Fr-Lw/Lwr 5.15
It  is now possible to compare the modified version of force Fr (that is, 
Frm) with the internal forces of the web members of grid Q whose 
directions are parallel to that of force Frm.
Returning to the discussion of grids Q and Qr, in a manner similar 
to that for double layer grids A and B, consider two small isolated 
portions from the grids each of which is associated with a section 
passing through its body , Figs 5.22a 5.22b. Using the same approach as 
for the previous example, similar results are then obtained for grids Q 
and Qr.
Comparison of grid A and its renecture B, on the one hand, and grid 
Q and its renecture Qr, on the other hand, shows two differences in 
deriving a renecture from a double layer grid which includes the inclined
web members. Firstly, only the overall dimensions of the layer including 
the support joints remain constant, while those of the other layer are 
changed. Secondly, the slope of the inclined web members is changed 
(because the height remains constant), and thus the interconnection
pattern of the renecture is slightly different from that of the original 
grid.
The total length ratio for the top or bottom layer of grids A and B 
or grids Q and Qr is obtained in a manner similar to that for single 
layer grids. This, from Eq 5.7 is seen to be almost equal to 1/f. It
has been shown earlier that the material ratio is also approximately 
equal to 1/f. A logical explanation of this is that the material ratio 
for double layer grids is approximately equal to the ratio of the average 
total length of members of the top and bottom layers in a grid and that 
in its renecture.
The total length ratio for web members is a function of dilation 
factor as well as the angle of inclination of these members. This will 
be discussed in the next section.
5.2.5 WEB MEMBERS
Consider a typical web member of a double layer grid, denoted by b, and a 
corresponding member of its renecture, denoted by br, as shown in Fig
5.23a. The horizontal projection of member b is denoted by a, and hence
that of member br is given by af (f is the dilation factor). This is 
because the relationship between the horizontal projection of members b 
and br is similar to that for a member of a single layer grid and the 
corresponding member of its renecture (see Eq 5.11). It  can be seen from 
Fig 5.23a that:
Lwr/Lw = f.cos0/cos0r 5.16
where Lw is the length of member b and Lwr is that of member br, and 
where 0 and 0r are the angles of inclination of members b and br, 
respectively. Angle 0r can be described in terms of angle 0 and dilation 
factor f  as follows:
Since,
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tan0 = H/a
and
tanOr = H/af
then
tanGr = (tan0)/f 5.17
or
0r = arctan[(tan0)/f] 5.18
where H is the height of the grid. Substituting for 0r from Eq 5.18 into
Eq 5.16 gives
Lwr/Lw = f ------------- ——_____
cos(arctan(tan0)/f)
or 5.19
Lwr/Lw = f-a
where a is a coefficient depending on the angle of inclination of member 
b and the dilation factor f.
Reconsidering grids Q and Qr of Figs 5.18 and 5.19 in the previous 
section and their modules in Figs 5.20a and 5.20b, i t  is seen that the
number of web members in a module of grid Q is the same as that in grid
2Qr. On the other hand, the area covered by a module in grid Q is f
times that in grid Qr, while both the grids have the same area.
2Therefore, the number of modules in grid Q is f  times that in grid Qr
2and thereby the total number of web members in grid Q is f  times that in 
grid Qr. The total length ratio for the web members of these grids is 
then obtained from Eq 5.19 as
-2
Twr/Tw = f  . Lwr/Lw
or
Twr/Tw = a / f  5.20
where Tw and Twr are the total length of the web members in grids Q and 
Qr, respectively. Comparison of this equation with the one for single 
layer grids (see Eq 5.7) shows that the total length ratio for the web 
members of a double layer grid and its renecture varies with respect to 
both dilation factor of the grids and angle of inclination of the web
members.
Variations of coefficient cx with respect to f  and 0 are illustrated 
in Fig 5.23b. I t  is seen from this figure that, when the angle of 
inclination 0 is zero oc is equal to 1. The value of o< becomes 
progressively less than unit/, as the dilation factor or angle 0 is 
increased. When the web members are vertical (that is, 0=90),
coefficient cx has minimum values. In this case, the value of oc is always 
equal to 1/f, and Eq 5.20 becomes
Twr/Tw = f  5.21
However, as i t  was mentioned in the previous section, the relationship 
between the behaviours of grids Q and Qr is a linear function of the 
dilation factor only.
5.2.6 MEMBERS NEAR A SUPPORT OR A CONCENTRATED LOAD
The similarity of behaviours of a structure and its renectures is rather 
disturbed near an isolated support or an isolated concentrated load. In 
deriving a renecture, the support conditions should remain the same as 
those for the original structure. In the examples discussed so far, 
although the number of supports in each structure was different from that
of a renecture of it , they were considered to have similar support 
conditions. This is because all the boundary joints of structures and 
their renectures in these examples were assumed to be support joints. 
However, in many other practical cases, the number of support joints will 
remain unchanged. In such cases, the relationship between the members of 
a grid and those of its renecture near the supports is rather different 
from those that are at a distance from the Supports.
Consider double layer grids S and Sr whose Z-plans are shown in 
Figs 5.24a and 5.25a, respectively. With the exception of the support 
conditions, all other particulars for grids Q and Qr of Figs 5.18 and
5.19 are the same as grids S and Sr, respectively. The positions of 
supports for grids S and Sr are indicated by small solid squares in the
figures. Each support in the grids is restrained from translations in 
all directions. It  is seen that the number of supports as well as their
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positions are the same for both grids. Therefore, grids S and Sr have
exactly the same support conditions.
Now consider two similar portions from grids S and Sr having the 
same positions with respect to the boundaries of the grids, as indicated 
by circles in their plan views. These portions are shown enlarged in 
Figs 5.24b and 5.25b. The positions of the sections 1-1 and 2-2 in these 
figures are similar with respect to the boundaries of the portions. It  
can be seen that the number of cut horizontal and web members in section 
1-1 is the same as that in section 2-2. Now, suppose these sections 
gradually move further away from the supports, giving rise to such 
sections as 3-3 and 4-4. When the sections change in such a manner, the 
ratio of the number of cut horizontal and web members in the two sections 
becomes gradually closer to f.
Grids S and Sr have almost the same interconnection pattern, 
overall dimensions, member cross-sections, load and support conditions
with the number of support joints being the same for both of them. 
Therefore, the amount of a component of reaction at a support in grid Sr 
is almost the same as that at the corresponding support in grid S.
Consider support i in grid S and the corresponding support j  in
grid Sr. The effects of the horizontal and vertical components of
reactions on the web and horizontal members connected to these joints are 
evaluated separately and the results are then superimposed to obtain 
internal forces.
The vertical and horizontal reactions at joint i are denoted by Rx 
and Ry, respectively. These together with a horizontal member and a web 
member are shown in Figs 5.26a and 5.26b. Rrx and Rry are the similar 
components of reactions corresponding to joint j  having almost the same 
values as Rx and Ry, respectively. These reactions together with a 
horizontal member and a web member corresponding to those at joint i are 
shown in Figs 5.26c and 5.26d. The internal force of a web member 
connected to joint i is denoted by F and its angle of inclination is 
denoted by 6. The internal force and angle of inclination of the 
corresponding web member connected to joint j  are denoted by Fr and 0r,
respectively. Frm is the projection of Fr on the plane having angle 0
with the plane parallel to the grid surface. The internal forces of the 
horizontal members (having the same direction as for the horizontal 
reactions) connected to joints i and j  are denoted by H and Hr,
respectively.
The subscripts 1 and 2 are also used to indicate the internal 
forces due to the vertical and horizontal reactions, respectively. Figs 
5.26a and 5.26c show the internal forces at joint i and j  due to the 
vertical reaction, and Figs 5.26b and 5.26d show these forces due to the 
horizontal reaction.
Neglecting the shearing forces* in all the members and considering 
the similarity of distrfoution of internal forces in members connected to 
joints i and j, and using Figs 5.26a and 5.26c, one can write
FI = Ry/sin0 , Firm = Rry/sin0 ' 5.22
and
HI = Ry/tan0 , Hlr = Rry/tan0r 5.23
Also, from Figs 5.26b and 5.26d, one can obtain
F2 = F2r = F2rm = 0.0 5.24
and
H2 = Rx , H2r = Rrx 5.25
The values of F and Frm can be obtained using Eqs 5.22 and 5.24 as 
follows:
F = FI + F2 = Ry/sinO
and
Frm = Firm + F2rm = Rry/sin0 
Since,
Rry -  Ry 
hence
F/Frm -  1 5.26
The values of H and Hr can be obtained using Eqs 5.23 and 5.25 as 
follows:
H = HI + H2 = Ry/tan0 + Rx
and
Hr = Hlr + H2r = Rry/tan0r + Rrx
*The grid can be pin- or rigidly-connected, and its members may carry 
shear forces due to the rigidity of connections.
Since
Rrx -  Rx and Rry -  Ry, hence
H (Ry + Rx tanQ) tan0r ^
Hr (Ry + Rx tanQr) tanQ
Substituting for tangents from Eq 5.17 into Eq 5.27 gives
H Ry/Rx + tanQ ^
Hr f* Ry/Rx + tanQ
where f  is the dilation factor. Eq 5.26 shows that the internal force at 
a web member of the structure connected to a support is almost the same 
as that in the the corresponding web member of its renecture. Eq 5.28, 
on the other hand, shows that the relationship between the internal
forces of the horizontal members connected to a support in the structure 
and its renecture depends on the ratio of the vertical and horizontal 
reactions (Ry/Rx) as well as the dilation factor and the angle of
inclination of the web members.
Variation of ratio H/Hr with respect to ratio Ry/Rx and angle 0 for 
three different dilation factors are shown in Figs 5.27a, 5.27b and
5.27c. It is seen that the value of this ratio varies between 1 and 1/f. 
When the value of the horizontal reaction is very small as compared with 
the vertical reaction, the ratio is almost equal to 1/f but i t  becomes 
close to unit/ as the horizontal reaction increases. The effects of the 
angle of inclination have been illustrated in Fig 5.27 for 45, 60 and 75 
degree angles. As i t  is seen, the ratio is closer to 1/f for smaller 
angles. However, as far as the present work is concerned, this ratio has
been assumed to be 1/f for all the cases investigated.
When the members are far from a support joint their relationship is 
a function of the dilation factor, as before. The minimum distance from 
the support for this to happen is assessed later using the results of the 
numerical analysis. This distance turns out to be almost equal to one
module around a support. Thus, all the members within this distance are 
treated in a manner similar to that for those connected to the support.
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I t  should be noticed that in the examples of the previous sections, 
the number of support joints in each structure was almost f  times that of 
its renecture. This means that the amount of a component of reaction at
a support joint in the renecture was almost f  times that of the
corresponding joint in the structure. As a result, the relationship
between the members of the grids was expressed in terms of the dilation 
factor, despite their distances from a support joint.
In practical cases, a grid may be subjected to one or more isolated 
concentrated loads. In such cases, the members that are near the point 
of application of load will be in a situation similar to those near the
supports as discussed above.
5.3 INTERPOLATION
In order to assess the accuracy and limitations of the proposed method, 
i t  was necessary that the analytical results for each structure and its 
renecture be compared in various examples. That is, the values of forces 
and displacements in a chosen point of a structure had to be compared 
with those of the corresponding point of a renecture of it . On the other 
hand, since the densities of these grids are different, a chosen point of 
the structure, for example a joint, need not necessarily have a 
corresponding joint in its renecture.
To elaborate, consider a double layer grid and a renecture of i t  
whose Z-plans are partially shown in Figs 5.28a and 5.28b. Let i be a 
typical joint of the structure. The position of this joint on the plan 
view of the renecture is indicated by point ir. It  is seen that none of 
joints of the renecture coincide with point ir. Suppose that i t  is
required to compare the values of displacements at points i and ir. 
Since ir  is not a joint of the renecture, a required value at this point 
should be predicted using the corresponding values at the joints of the 
renecture that are immediately around this point. The three points 
closest to point ir  together with this point are shown in Fig 5.29a.
A number of interpolation techniques can be developed to predict
the values of displacements at point ir  by using those at the joints
closest to it. Some of these techniques have been examined and the one
whose description follows has been chosen for use in this work.
Let i t  be required to predict the value of deflection at point ir ,
denoted by dir. Also, let the values of deflections at the three joints
immediately around point ir  be denoted by dl to d3 (joints 1, 2 and 3
shown in Fig 5.28b). These joints and point ir  are all lying in the same
horizontal plane, that is , the top layer plane. Consider three lines
perpendicular to this plane at joints 1,2 and 3 and le t A, B and C be
three points on these lines, as shown in Fig 5.29b. The heights of 
points A, B and C are the deflections at joints 1, 2 and 3, respectively. 
These are denoted by dl, d2 and d3, as shown in Fig 5.29b. Provided that 
A, B and C are not coTinear, a plane can be defined using their
coordinates, and the required value at point ir  (ie, dir) is then
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assessed using the equation of the plane. This plane is referred to as 
an 'interpolation plane1.
In a similar fashion, other components of displacement at point ir  
can be predicted by defining appropriate interpolation planes.
Now, let m be a typical top layer member of the structure. The 
position of this member on the plan view of the renecture is indicated by 
a thick line, denoted by mr. As i t  is seen, the nearest corresponding 
member of the structure to mr (a top layer member that is parallel to mr) 
is at a distance from it. Fig 5.30a shows mr together with the three top 
layer members of the renecture that are immediately around i t  with their 
orientation being the same as that of mr.
Suppose one is to predict the value of a component of internal 
force at mr by using the corresponding values at these three members. In 
general, internal forces of a member vary with respect to its
longitudinal axis. Therefore an internal force value at a point on line
mr, for example at its midpoint should be assessed using the 
corresponding values of the members of Fig 5.30a at their mid points. 
Here, the internal forces are chosen to be evaluated at the middle point 
of each member. The midpoint of line mr is denoted by mr. Using an
approach similar to that for deflection, as descrfoed above, one can
define an interpolation plane using the three closest midpoints to mr, as 
shown in Figs 5.30a and 5.30b. The required value at mr can then be
obtained from the equation of this plane. Internal force value at mr 
obtained in such a manner can be compared with the corresponding value at 
the midpoint of member m of the structure.
Fig 5.31 shows other examples of application of the above
technique. The chosen joints and members in this figure belong to the 
structure of Fig 5.28a. It  is seen from Fig 5.31a that point jr  is
outside the area of the triangle formed by the three joints closest to 
i t .  The values of displacements at point jr  can be predicted by
extrapolating the corresponding values at these joints. For instance,
assuming d l, d2 and d3 being the values of deflections at the joints, a
plane can be defined by these joints (Fig 5.31b). The value of
deflection at point jr  (ie, djr) is then obtained as shown in this 
figure. It  should be noted that the word 'interpolation1 is used to 
include both interpolation and extrapolation cases.
Figs 5.31c and 5.31d provide another example, showing the
Extrapolation plane
application of extrapolation for a member of the structure. Figs 5.31e
and 5.31f show a chosen web member of the structure together with the
corresponding web members of the renecture closest to it.
To demonstrate a particular situation in which the closest points 
are colinear, consider the structure shown partially in Fig 5.32a. A 
renecture of this structure is shown in Fig 5.32b. Suppose i t  is 
required to compare the values of internal forces for point s in the
structure and the corresponding point sr in the renecture. It  is seen 
from Figs 5.33a and 5.33b that the points closest to sr are all colinear. 
In other words, the number of known points available is not enough for 
defining an interpolation plane. Here, an unknown value of force at 
point sr, denoted by Fsr, can be obtained from
Fsr = F l/a l + F2/a2 5.29
where FI and F2 are the known values at points 1 and 2, respectively. 
Also, a l and a2 are the distances between point sr and points 1 and 2, 
respectively.
A computer program has been developed based on the above concepts 
through which the analytical results for a structure and its renecture 
can be compared at any chosen point in the structure.
It  should be noted that some of the examples (square-on-square 
double layer grids) have been handled using four closest points around a 
required point. In this case, two interpolation planes have been defined 
for each required point, as shown in Fig 5.34, and the value has then 
been predicted by averaging the values obtained from the two planes.
Comparison of application of this method and the one explained above 
shows that both methods yield almost the same results in these examples.
The application of three known values for predicting an unknown 
value, as described above, has shown satisfactory results in the examples 
carried out in this work. Other techniques based on different 
approaches, for example quadric surfaces may be developed to deal with 
the problem of interpolation. An important consideration in developing 
such techniques is that more than three known values is required for 
defining a quadric surface. In other words, the values that are not 
immediately around an unknown value should also be taken into account. 
This may effect the accuracy of the final results. However, as far as
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this work is concerned, no further investigation has been carried out 
regarding the development of these methods.
5.4 NUMERICAL STUDIES
Various examples have been selected and analysed in the remaining parts
of this chapter. Three different types of grids have been used in these
examples. Namely, square on square double layer grids, diagonal on 
diagonal double layer grids and diagonal on square double layer grids. 
These were analysed for different load and boundary conditions as 
pin-jointed structures. The examples have been chosen such that they 
represent different practical cases. This allows the assessment of not 
only the reliability of the renection method for practical cases, but 
also provides a suitable basis for predicting the proportions of member 
cross-sections required for the analysis.
One of the main considerations in planning these examples was the 
fact that the densities of double layer grids should be chosen as high as 
possible. On the other hand, i t  was most desirable that each one of the 
graphical outputs of a layer of a grid should be produced completely on a 
single separate sheet. Considering the available graphics devices, the 
maximum size on which a graphical output could be produced was a standard 
A3 sheet. Therefore, the density of a double layer grid in each example 
has been chosen such that each one of its outputs belonging to a layer
can be fitted completely on a standard A3 sheet. Some of such outputs
have been reduced and copied on standard A4 pages and are presented in 
Appendix 3.
In some cases considered, the grid has two planes of symmetry and 
the results have been presented for (l/4)th of the structure only.
5.4.1 LOADING
Double layer grids have been considered to carry either vertical 
uniformly distributed load or vertical concentrated joint loading. In 
some of the examples, load is applied to either top or bottom layer of 
the grid, and in some other cases i t  is applied to both of them. To
study the effects of unsymmetric loading, some of the examples have been 
considered under unsym metric uniformly distributed load. The uniformly 
distributed load is assumed to be applied at the joints of a double layer 
grid as vertical equal point loads. To obtain the magnitude of such a
point load at a joint of the structure, i t  is assumed that each joint is 
supporting an equal area of the surface of the grid. This area for the 
top and bottom layer joints of three different configurations are shown 
shaded in Figs 5.35a, 5.35b and 5.35c. The total uniformly distributed
load applied to a renecture of the structure is equal to that in the
structure. Since, the number of joints of a renecture is less than that
of the structure, the magnitude of a point load applied at a joint of a 
renecture is obtained from
P2 = PI-J/J r 5.30
where PI and P2 are point loads applied to all the top/bottom layer 
joints of the structure and renecture, respectively. Also, J and Jr are 
the number of joints of the top/bottom layer in the structure and 
renecture, respectively. The number of top layer joints and bottom layer 
joints for two different configurations (Figs 5.35a and 5.35b) can be 
expressed as follows:
(a) Square on square double layer grid (Fig 5.35a)
Jt = (m+l)(n+l)
and 5.31
Jb = m*n
(b) Diagonal on diagonal double layer grid (Fig 5.35b)
Jt = (m+l)n + (n+l)m 
and 5.32
Jb = (m -l)(n-l) + m-n
where Jt and Jb are the numbers of the top and bottom layers joints, 
respectively. Also, m and n are the numbers of modules in x- and 
y-directions, respectively.
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Another type of external load applied to the examples is isolated 
point load(s), for example, one concentrated load applied at the central 
jo int of the top layer of a double layer grid. The position and 
magnitude of an isolated point load in a structure should be kept 
unchanged for its renectures. However, this is not always possible. The 
reason is that the position of a loaded joint may be changed as the 
density of the structure is changed. In such a case, the renecture 
should be loaded as close to the load condition in the structure as 
possible.
5.4.2 PRESENTATION OF EXAMPLES
Three different renectures have been considered for each example having 
different densities. These renectures for three different configurations 
are shown in Figs 5.36, 5.37 and 5.38.
Each example has been represented together with a plan view of the 
structure giving the overall dimensions and positions of supports and 
loads, and two different tables. The first table contains information 
used in the analyses of the structure and its renectures. Information 
consists of number of joints, number of members, structural height of the 
grid, load magnitudes, Young's modulus and cross-sectional properties. 
All members are considered to be circular hollow sections and circular 
solid sections (rods) specified in BS 4848: Part 2.
The second table gives the results of comparison of deflections, 
forces and stresses at a number of random sample points for the structure 
and its three renectures. The analytical results for a structure and its 
renectures can be compared at any chosen point of the structure using the 
corresponding graphical outputs. However, for a detailed investigation, 
the comparison of results has been earned out for vanous sample points 
only. These samples have been chosen such that they cover all ranges of 
the deflection and force/stress in each example. Nine samples from the 
following ranges are used for comparison of deflection force/stress in a 
layer of a grid.
Three samples between 90% and 100%
Three samples between 50% and 90%
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Fig 5.36 —  Square on square double layer grids
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Fig 5.37 -  Diagonal on diagonal double layer grids
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Fig 5.38 - Diagonal on square double layer grids
Three samples between 10% and 50%
The samples belonging to each range have been chosen by random selection. 
In some cases, the above limits have been modified when there were not
enough samples. To evaluate the deflection, nine samples have been
chosen from the bottom layer of the grid in each example. Also, 27 
samples have been chosen from the top layer, bottom layer and web of the 
grid to evaluate the axial force/stress in all the layers (9 sample from 
each layer). The columns used in this table are described as follows:
(1) The values in the first three columns are the coordinates of sample
points in the structure.
(2) A value in the fourth column represents the permillage (parts out of 
a thousand) of deflection or force/stress at a sample point of the
structure with respect to the corresponding maximum in the layer.
(3) A value in the fifth column represents the permillage of deflection
or force/stress at a sample point of the structure with respect to
the corresponding maximum in the structure. The absolute value of the
deflection at a sample point can be obtained from the deflection 
permillage at that point times the deflection factor given at the bottom 
of the table. Here, a positive value implies downward deflection. In a 
similar fashion, the absolute axial force/stress value at a sample point 
can be obtained using the force/stress factor given at the bottom of the 
table. I t  may be noticed that only the absolute value of the 
force/stress at a sample point can be determined by using this table. 
The force/stress sign can be determined from the relevant graphical
outputs.
(4) A value in the sixth column represents the ratio of the deflection or
force/stress at a sample point of a structure and that of a renecture
of i t .  The values in this column have been obtained using the analytical 
results for the structure and its renectures. The interpolation 
technique described in the previous section has been employed to assess 
the values of deflection or force/stress at a point of a renecture which 
corresponds to a sample point. Also, in determining the values belonging
to a web member, account has been taken of the effects of the changes in 
the angle of inclination of the web members. A value in this column has 
been referred to as an 'actual ratio'.
(5) A value in the seventh column represents the estimated ratio at a 
sample point. With the exception of the web members near a support
or near an isolated concentrated load, this ratio is equal to the inverse 
of the dilation factor (1/f). A value in this column is referred to as a 
'renection factor1.
(6) A value in the last column represents the percentage errors in the
estimated ratio for the structure and a renecture of it . A positive
value implies that the estimated ratio is underestimated. Some of the 
items in the last column have been indicated by symbols *  or t* Symbol *  
implies that the sample of force/stress is in a region having sharp
variations. The percentage errors for these samples are normally high.
This is because, in developing the renection method, i t  was assumed that 
displacements and forces do not have sharp variations (Section 5.2.4).
Symbol f  has been used to indicate those horizontal members that are near
supports and the resulting errors for them are high.
Nineteen different examples have been selected for detailed study. 
These start with a regular square on square grid, subjected to a
uniformly distributed load and supported at all the boundary joints along 
four sides. The regularity of load and support is gradually reduced in 
other examples. Examples 1 to 14, inclusively, are square on square.
Examples 15, 16 and 17 are diagonal on diagonal. Examples 18 and 19 are 
diagonal on square. The general layouts of these grids are shown in Figs 
539a, b and c. The ratio of the structural height to span for all the 
grids (except for those in examples 5, 6, 11 and 14) are between 1/18 and 
1/27.
Grids of examples 5, 6, 11 and 14 are intended to be used as the 
floors of multistorey buildings. A grid of this type is made from 
reinforcement bars and is then combined with a concrete slab at its top 
layer level. This type of grid is referred to as the 'composite double 
layer grid '. The ratio of the structural height to span for these grids 
are between 1/8 and 1/11.
The boundaries of double layer grids in most of the above examples
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are square. However, there are also some rectangular boundaries. The 
ratio of the length to the width for these grids are equal to 2. This 
allows the study of application of the renection method in conjunction 
with one way dominated structures.
In some of the examples of diagonal grids, the maximum internal 
forces occur in the regions having sharp variations (see the graphical 
outputs). To assess an unknown value of force for a member in such a 
region using the results of the analysis of the renecture, the nearest 
maximum corresponding value for the renecture is considered as the value 
for that member.
In the previous sections, i t  was mentioned that the use of the 
cross-section density reduction for the boundary members of a grid 
together with the configuration density reduction for its non-boundary 
members may improve the accuracy of results of the renection method. 
This, for square on square grids proved to be of less importance as 
compared with the diagonal grids. However, as far as this work is 
concerned, the cross-section density reduction has been employed for the 
boundary members of diagonal grids only.
As i t  was mentioned earlier, the ratio of the internal force/stress 
in a web member of the structure and that of the corresponding estimated 
member force/stress in the renecture should be modified for the effects 
of changes in its angle of inclination. To do this, the ratio of the 
length of the web member in the structure and that in its renecture 
(Lw/Lwr) has been used (see Eq 5.15). Table 5.1 contains the values of 
this ratio for the three different renectures in each example.
5.4.3 EXAMPLES 1 TO 19
In the following pages the results of application of the renection method 
for nineteen different cases are presented.
In these examples, the origin of the global coordinate system 
is at the leftmost bottom corner of the structures.
TABLE 5.1
Case No
Lw/Lwr
Renecture 1 Renecture 2 Renecture 3
1 0.89B 0.750 0.550
2 0.952 0.8B9 0.715
3 0.952 0.8B9 0.715
4 0.918 0.792 0.603
5 0.918 0.792 0.603
B 0.9B7 0.905 0.778
7 0.952 0.869 0.715
B 0.889 0.738 0.537
9 0.889 0.738 0.537
10 0.918 0.792 0.603
11 0.918 0.792 0.603
12 0.952 0.869 0.715
13 0.952 0.869 0.715
14 0.9B7 0.905 0.778
15 0.913 0.788 0.614
IB 0.913 0.788 0.614
17 0.913 0.788 0.614
1B 0.947 0.871 0.760
19 0.961 0.903 0.811
Lw and Lwr stand For the length oF a typical web member oF a structure 
and that oF a renecture oF it> respectively.
CASE 1 : Floor oF a shopping area
Supports: Boundary joints oF the top layer
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load = 3 kN/m^
Live load = 5 kN/m^
The load is applied at the top and bottom
layer joints as point loads P1 and P2j
respectively.
TABLE 5.1.1
CM
Number Number Height Load E A Section
oF
joints
oF
members
mm kN kN/mm ^ mm^ Dimensions
mm
T PI
P2
= -7.500  
= -0.500
1560.00 CHS 0 108.00 *5 .50
B Structure 851 3200 B00 1960.00 ROD 0 50.00
V 710.B0 ROD 0 35.00
T
Renecture PI
P2
= -1 1.555 
= -0.781
GJ
G>
1560.00 CHS 0 108.00 *5 .50
B 555 2058 B0B 1960.00 ROD 0 50.00
V 1 O 710.00 ROD 0 35.00
T
Renecture PI
P2
=-19.571 
= -1.389
CS
N 1560.00 CHS 0 10B.00x5.50
B 313 1152 B00 1960.00 ROD 0 50.00
V 2 710.00 ROD 0 35.00
T
Renecture PI
P2
=-50.833 
= -3.125
1560.00 CHS 0 108.00x5.50
B 155 512 800 1960.00 ROD 0 50.00
V 3 710.00 ROD 0 35.00
T» B and W stand For top layer* bottom layer and web members* respectively.
TABLE 5.1.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
T
mm
z
mm
9500 10500 0 990 0.823 0.800 2.88
h 9500 8500 0 965 0.825 0.800 3.13C
o
OJ 11500 11500 0 950 0.827 0.B00 3.38
7500 6500 0 775 0.828 0.800 3.50
u
cu E 15500 11500 0 725 0.825 0.B00 3.13
ft
O 6500 13500 0 712 0.827 0.800 3.38
□ •+>o 5500 3500 0 376 0.826 0.800 3.25m 17500 8500 0 357 0.827 0.800 3.38
2500 5500 0 270 0.826 0.800 3.25
10000 500 800 1000 610 0.815 0.800 1.75
9000 19500 800 987 603 0.818 0.800 2.25
c . 500 8000 800 950 580 0.819 0.800 2.38
500 15000 800 806 592 0.816 0.800 2.00
d 10000 1500 800 657 501 0.801 0.800 0.13
CL 11500 10000 800 502 306 0.821 0.800 2.63OH 8500 11000 800 595 302 0.825 0.800 3.00
15000 9500 800 510 250 0.815 0.B00 1 .88
2000 12500 800 117 71 0.805 0.B00 0.62
8500 10000 0 973 973 0.831 0.800 3.88Q£
L. 10500 13000 0 926 926 0.832 0.800 5.00
CD 13000 8500 0 902 902 0.835 0.800 5.25
CD
d 6500 15000 0 73B 738 0.835 0.B00 5.25
U
E 15000 12500 0 729 729 0.831 0.800 3.88
o
I t
O 12000 5500 0 609 609 0.833 0.800 5.12
o 5500 5000 0 552 552 0.835 0.800 5.25
CO 2000 7500 0 375 375 0.852 0.800 5.25
13000 17500 0 332 332 0.837 0.800 5.63
12250 250 500 959 133 0.815 0.B00 1 .75
16250 250 500 929 129 0.791 0.800 -1 .12
15250 18250 500 902 125 0.781 0.800 -2 .3 7
J3 15250 16250 500 727 101 0.785 0.800 -2 .00
CD 9250 2250 500 573 79 0.835 0.B00 5.38
3250 10250 500 510 71 0.826 0.B00 3.25
250 250 500 562 65 0.720 0.800 -10.00
7250 18250 500 559 65 0.851 0.800 5.13
7250 7250 500 23B 32 0.863 0.800 7.88
WRT stands For ’ with respect to 7 DeFlection Factor = 0.055 mm Force Factor = 0.3005 kN
TABLE 5.1.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permitlage 
WRT the 
Layer
PermitLage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
9500 10500 0 990 0.643 0.600 7.17
L. 9500 8500 0 965 0.645 0.600 7.50co 01rr 11500 11500 0 940 0.647 0.600 7.83
, %d —/ 7500 6500 0 775 0.641 0.600 6.83u E 14500 11500 0 724 0.645 0.600 7.50
—* Oh J 6500 13500 0 712 0.647 0.600 7.83ai o 5500 3500 0 376 0.644 0.600 7.33□ m 17500 8500 0 347 0.642 0.600 7.00
2500 5500 0 270 0.641 0.600 6.83
10000 500 800 1000 610 0.636 0.600 6.00
9000 19500 800 987 603 0.641 0.600 6.83
L. 500 8000 800 950 580 0.639 0.600 6.50Of
500 14000 800 806 492 0.639 0.600 6.50d
10000 1500 800 657 401 0.608 0.600 1 .33□L 11500 10000 800 502 306 0.642 0.600 7.00o
h - 8500 11000 800 494 302 0.648 0.600 8.00
14000 9500 800 410 250 0.635 0.600 5.83
2000 12500 800 117 71 0.601 0.600 0.17
B500 10000 0 973 973 0.661 0.600 10.17
Q£ C 10500 13000 0 926 926 0.661 0.600 10.17
Oi:r 13000 8500 0 902 902 0.663 0.600 10.50
Of
d 6500 14000 0 738 738 0.666 0.600 11 .00u E 15000 12500 0 729 729 0.654 0.600 9.00o O 12000 4500 0 609 609 0.663 0.600 10.50LL -♦->o 4500 4000 0 452 452 0.668 0.600 11 .330Q 2000 7500 0 375 375 0.663 0.600 10.50
13000 17500 0 332 332 0.664 0.600 10.67
12250 250 400 959 133 0.639 0.600 6.50
16250 250 400 928 129 0.620 0.600 3.33
15250 18250 400 902 125 0.595 0.600 -0.83
n 14250 16250 400 727 101 0.595 0.600 -0.83
CD 9250 2250 400 573 79 0.668 0.600 11 .33
3250 10250 400 510 71 0.658 0.600 9.67
250 250 400 462 64 0.534 0.600 -11.00
7250 16250 400 459 64 0.642 0.600 7.00
7250 7250 400 230 32 0.710 0.600 18.33
9500 10500 0 990 0.459 0.400 14.75
t - 9500 8500 0 965 0.454 0.400 13.50co CD 11500 11500 0 940 0.450 0.400 12.50
• H d 7500 6500 0 775 0.455 0.400 13.75u
Qj E 14500 11500 0 724 0.453 0.400 13.253 6500 13500 0 712 0.449 0.400 12.25
o 5500 3500 0 376 0.451 0.400 12.75o m 17500 8500 0 347 0.454 0.400 13.50
2500 5500 0 270 0.458 0.400 14.50
10000 500 800 1000 610 0.470 0.400 17.50
9000 19500 800 987 603 0.4B0 0.400 20.00t, 500 8000 800 950 580 0.477 0.400 19.25
CDrx> 500 14000 800 806 492 0.478 0.400 19.75d
10000 1500 800 657 401 0.432 0.400 8.00
Q_ 11500 10000 800 502 306 0.462 0.400 15.50O
H - 8500 11000 800 494 302 0.471 0.400 17.75
14000 9500 800 410 250 0.469 0.400 17.25CO 2000 12500 800 117 71 0.439 0.400 9.75
8500 10000 0 973 973 0.484 0.400 21 .00
DC L. 10500 13000 0 926 926 0.494 0.400 23.50
CDrA 13000 8500 0 902 902 0.489 0.400 22.25
QtJ
d 6500 14000 0 738 738 0.492 0.400 23.00uL E 15000 12500 0 729 729 0.489 0.400 22.25o 11 Oh J 12000 4500 0 609 609 0.494 0.400 23.50
o 4500 4000 0 452 452 0.506 0.400 26.50
ca 2000 7500 0 375 375 0.462 0.400 15.50
13000 17500 0 332 332 0.498 0.400 24.50
12250 250 400 959 133 0.4B7 0.400 21 .75
16250 250 400 929 129 0.486 0.400 21 .50
15250 18250 400 902 125 0.438 0.400 9.50
n 14250 16250 400 727 101 0.427 0.400 6.75
CD 9250 2250 400 573 79 0.494 0.400 23.50
3250 10250 400 510 71 0.501 0.400 25.25
250 250 400 462 84 0.425 0.400 8.25
7250 18250 400 459 64 0.431 0.400 7.75
7250 7250 400 230 32 0.527 0.400 31 .75
WRT stands Fop 'w ith  respect t o '  DeFlection Factor = 0.055 mm Force Factor = 0.3005 kN
CASE 2 ! RooF oF an indusrial warehouse
Supports: Boundary joints oF the top Layer 
are Fully restrained For translation.
Loading: Point load P applied at the
central joint oF the top layer.
TABLE 5.2.1
XI f t f t y f t x f t X Xl Xl Xl k Xl k Xl k ft k k k
X x ¥ x x x X X k •V Xl Xl f t XI XI X XI •V >i£ X x f t X x; XI XI Xl XI ■;i; x: k ■Vk
X k x k f t x x XI x: y k k k k k k
x k X! y X •1*1Xl >: k Xl k XI
X x x x f t x •X X XI ft Xl k Xl ft k x: k
X x ft. X x k Xl XI Xl XI XI X Xl k k k Xl
k k x f t X XI k Xl XI f t Xl •#*%k ft kXI k x X x x X k k x: k Xl k k k
XI k x y x ■X >1 X k XI k k k k >i; ■x k
k k ft: x X k ft k ft x: k k ft XI 5i ft XI
X k X V X f t f t f t k Xl Xl k Xl 1*1k k
X y X y X x X f t k V f t X •i*i k k Xl x • m%
x f t x X X X y X XI f t y Xl \k Xl Xl V X XI • m
X >: X X FxX X XI >1 XIk k XI k Xl
IK V X X X X XI k V f t ft ‘■i; k v kX X XI X x X XIXI XI ft V XI Xlk ft h‘i; XIX f t k y X LX XI XI XI X XI k kk X X x ft x k XI 'T'XI X XI k V k ft XIXI'k X -X X X X X A k X X Xl k >1 X ;*i k k
< -------------------  40.00 m ■*>
Load
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T 8110.00 CHS 0 219.10.12.50
B Structure 3281 12800 3000 p >100.000 8570.00 CHS P 219.10.10.00
W 2570.00 CHS P IBB.30 v 5.00
T
Renecture
1
8110.00 CHS 0 218.10x12.50
B 2113 B1S2 3000 P > 100.000 s>6)
61
61
6570.00 CHS 0 219.10x10.00
W 2570.00 CHS P 1GB.30* 5.00
T
Renecture
8110.00 CHS 0 219.10*12.50
B 1201 4608 3000 p > 100.000 N 6570.00 CHS 0 219.10x10.00
V 2570.00 CHS 0 16B.30xS.00
T
Renecture
8110.00 CHS 0 219.10x12.50
B 545 2048 3000 p > 100.000 6570.00 CHS 0 219.10x10.00
V 3 2570.00 CHS 0 1SB.30x5.00
Ti B and W stand For top layer> bottom layer and web membersi respectively.
TABLE 5.2.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
39000.0 37000.0 0.0 899 0.807 0.800 0.88
L. 39000.0 35000.0 0.0 861 0.807 0.800 0.88
C
o
Qi
ZT* 33000.0 39000.0 0.0 822 0.807 0.800 0.88
d 37000.0 33000.0 0.0 811 0.810 0.800 1.25
u
OJ E 33000.0 35000.0 0.0 792 0.809 0.800 1 .13
f| 3 29000.0 39000.0 0.0 736 0.806 0.800 0.75
QJ o 27000.0 29000.0 0.0 602 0.808 0.800 1 .00O m 19000.0 33000.0 0.0 466 0.808 0.800 1 .00
23000.0 11000.0 0.0 210 0.808 0.800 1.00
39000.0 40000.0 3000.0 1000 620 0.873 0.800 9.13 *
38000.0 39000.0 3000.0 862 534 0.850 0.800 6.25
t - 39000.0 36000.0 3000.0 659 40B 0.790 0.800 -1 .25
m 39000.0 34000.0 3000.0 539 334 0.794 0.800 -0.75d
37000.0 34000.0 3000.0 489 303 0.B04 0.800 0.50
Q . 32000.0 39000.0 3000.0 453 281 0.795 0.800 -0.63
O
H - 28000.0 7000.0 3000.0 229 142 0.797 0.800 -0.37
15000.0 34000.0 3000.0 158 98 0.803 0.800 0.38
33000.0 16000.0 3000.0 120 74 0.797 0.800 -0.37
CN
40000.0 39000.0 0.0 1000 1000 0.848 0.800 6.00Q£
( . 37000.0 40000.0 0.0 694 694 0.755 0.800 -5.62
CU 38000.0 39000.0 0.0 676 676 0.793 0.800 -0.88
(b
d
mmJ 33000.0 40000.0 0.0 517 517 0.798 0.800 -0.25
u E 34000.0 33000.0 0.0 428 428 0.806 0.800 0.75
o  11
O 29000.0 36000.0 0.0 400 400 0.806 0.800 0.75
o 32000.0 39000.0 0.0 347 347 0.796 0.800 -0.50
m 16000.0 21000.0 0.0 122 122 0.806 0.800 0.75
15000.0 18000.0 0.0 110 110 0.807 0.800 0.88
39500.0 39500.0 1500.0 1000 740 1.142 1.000 14.20 *
38500.0 38500.0 1500.0 449 332 0.864 1.000 13.60 *
36500.0 34500.0 1500.0 144 107 0.823 0.800 2.88
n 34500.0 34500.0 1500.0 130 96 0.813 0.800 1 .63
(U 38500.0 34500.0 1500.0 129 96 0.739 0.800 -7.62
34500.0 32500.0 1500.0 107 79 0.815 0.800 1.88
36500.0 32500.0 1500.0 106 78 0.822 0.800 2.75
WRT stands For ’ with respect t o '  DePlection Factor = 0.0037 mm Force Factor = 0.0373 kN
TABLE 5.2.2 (continued)
a*
h
Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercentage
E rro ruCjc  
at 
QC
X
mm
r
mm
z
mm
C
o
•H-pu
a i .—» 
Ci_
£
L.OJ3d^
E-p■pom
39000.0
39000.0
33000.0
37000.0
33000.0
29000.0
27000.0
19000.0
23000.0
37000.0
35000.0
39000.0
33000.0
35000.0
39000.0
29000.0
33000.0
11000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
B99
861
822
811
792
736
602
466
210
0.608
0.608
0.609
0.613
0.611
0.609
0.612
0.612
0.614
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
1.33 
1 .33 
1 .50 
2 .1 7  
1 .83 
1 .33 
2 .00  
2 .00
2 .3 3
CM
t_Oj31d
Q.O1—
39000.0
38000.0
39000.0
39000.0
37000.0
32000.0
28000.0
15000.0
33000.0
40000.0
39000.0
36000.0
34000.0
34000.0
39000.0  
7000.0
34000.0
16000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
1000
862
659
539
489
453
229
158
120
620
534
40B
334
303
281
142
98
74
0.735
0.700
0.608
0.600
0.603
0.594
0.594
0.601
0.595
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
2 2 .5 0 *  
1 16.66  
1 .33 
0 .00  
0 .5 0  
-1  .00 
-1 .00  
0 .1 7  
-0 .8 3
CM
DC
CJaoLU
«-OJ31O
eo-p.po
CO
40000.0
37000.0
38000.0
33000.0
34000.0
29000.0
32000.0  
1B000.0
15000.0
39000.0
40000.0
39000.0
40000.0
33000.0
36000.0
39000.0
21000.0  
18000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
1000
694
676
517
428
400
347
122
110
1000
694
676
517
428
400
347
122
110
0.689
0.550
0.599
0.596
0.613
0.609
0.591
0.615
0.613
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
14.83
-8 .3 3
-0 .1 7
-0 .6 7
2 .1 7  
1 .50
H i .50  
2 .5 0
2 .1 7
X I
tu
: *
39500.0
38500.0
36500.0
34500.0
38500.0
34500.0
36500.0
39500.0
38500.0
34500.0
34500.0
34500.0
32500.0
32500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1000
449
144
130
129
107
106
740
332
107
96
96
79
7B
1 .325 
0.756  
0.639  
0.627  
0.527  
0.617  
0.624
1.000  
1.000  
0.600  
0.600  
0.600  
0.600  
0.600
32 .50  *  
24 .40  *
6 .5 0
4 .5 0  
-1 2 .1 7
2 .8 3
4 .0 0
c
o
•r t
-pu
Oj_t
u .
a i
a
*»OJ31d
EO
•P
-P
Dm
39000.0
39000.0
33000.0
37000.0
33000.0
29000.0
27000.0
19000.0
23000.0
37000.0
35000.0
39000.0
33000.0
35000.0
39000.0
29000.0
33000.0
11000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
899
861
822
811
792
736
602
466
210
0.401
0.402
0.402
0.409
0.411
0.404
0.412
0.412
0.415
0.400
0.400
0.400
0.400
0.400
0.400
0 .400
0.400
0.400
0 .2 5
0 .5 0
0 .5 0
2 .2 5
2 .7 5  
1 .00
3 .0 0
3 .00
3 .7 5
CO
i .OJ31d—j
CL
o
h—
39000.0
38000.0
39000.0
39000.0
37000.0
32000.0
28000.0
15000.0
33000.0
40000.0
39000.0  
36B00.0
34000.0
34000.0
39000.0  
7000.0
34000.0
16000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
3000.0
1000
862
659
539
489
453
229
158
120
620
534
408
334
303
281
142
98
74
0.584
0.544
0.453
0.413
0.393
0.400
0.392
0.407
0.3B8
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
46 .00  *
36 .00  
13.25
3 .2 5  
-1 .7 5  
0 .0 0  
-2 .0 0  
1 .75  
-3 .0 0
CM
DC
OJut_oLL
I.OJ31d
EO-p
-Po
DO
40000.0
37000.0
38000.0
33000.0
34000.0
29000.0
32000.0
16000.0 
15000.0
39000.0
40000.0
39000.0
40000.0
33000.0
36000.0
39000.0
21000.0  
18000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
1000
694
676
517
428
400
347
122
110
1000
694
676
517
428
400
347
122
110
0.518
0.373
0.420
0.394
0.416
0.415
0.388
0.425
0.427
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
29 .50
-6 .7 5
5 .0 0  
-1 .50
4 .0 0
3 .7 5  
-3 .0 0
6 .2 5
6 .7 5
X 1OJ
3*
39500.0
38500.0
36500.0
34500.0
38500.0
34500.0
36500.0
39500.0
38500.0
34500.0
34500.0
34500.0
32500.0
32500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1500.0
1000
449
144
130
129
107
106
740
332
107
96
96
79
7B
1.562 
0.674  
0.404  
0.432  
0.311 
0.442  
0.398
1.000  
1.000  
0.400  
0.400  
0.400  
0.400  
0.400
56 .20  *  
32 .6 0  4c 
1 .00  
8 .0 0  
-2 2 .2 5  
10.50  
-0 .5 0
WRT stands For 'w ith  respect t o '  DeFlection Factor = 0.0037 mm Force Factor = 0.0373 kN
CASE 3 ! RooF oF a Leisure centre
Supports: The indicated boundary joints 
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load = 1.25 kN'm^
Snow load = 0.75 kN/m^
The load is applied at the top layer 
joints as point loads P.
• ■ • m ■ m
40.00 m
TABLE 5.3.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm^
A
mm^
Section
Dimensions
mm
T 8110.00 CHS 0 219.10,12.50
R Structure 3281 12800 3000 P = -8.000 6570.00 CHS 0 219.10,10.00
W 2570.00 CHS P 16B.30x5.00
T a
a
8110.00 CHS 0 219.10,12.50
B
W
Renecture 2113 B192 3000 P =-12.349 6570.00 CHS 0 219.10x10.00
1
s 2570.00 CHS 0 16B.30x5.00
T aN
8110.00 CHS 0 219.10,12.50
R Renecture 1201 4608 3000 P =-21.517 6570.00 CHS 0 219.10x10.00
W 2 2570.00 CHS 0 16B. 30x5.00
T 8110.00 CHS P 219.10*12.50
R Renecture 545 2048 3000 P =-46.533 6570.00 CHS 0 219.10*10.00
V 3 2570.00 CHS 0 16B. 30x5.00
T, B and W stand For top layer, bottom layer and web members, respectively.
TABLE 5.3.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
T
mm
z
mm
33000.0 39000.0 0.0 962 0.849 0.800 6.13
L 33000.0 35000.0 0.0 945 0.851 0.800 6.37
Co
a>
S' 29000.0 39000.0 0.0 909 0.849 0.800 6.13
h J
d 27000.0 29000.0 0.0 79B 0.852 0.800 6.50
u
OJ a 23000.0 17000.0 0.0 497 0.857 0.800 7.13
ft oh -» 11000.0 35000.0 0.0 41B 0.859 0.800 7.38
OJ □ 23000.0 11000.0 0.0 339 0.861 0.800 7.62
m 9000.0 19000.0 0.0 245 0.864 0.800 8.00
3000.0 29000.0 0.0 111 0.879 0.800 9.87
40000.0 1000.0 3000.0 1000 1000 0.850 0.800 6.25
1000.0 30000.0 3000.0 927 927 0.850 0.800 6.25
L 1000.0 20000.0 3000.0 717 717 0.852 0.800 6.50
S ' 30000.0 5000.0 3000.0 515 515 0.829 0.800 3.63
d
39000.0 34000.0 3000.0 446 446 0.926 0.800 15.75
CL 37000.0 34000.0 3000.0 443 443 0.929 0.800 16.13
□
h - 15000.0 34000.0 3000.0 259 259 1.019 0.800 27.38
33000.0 16000.0 3000.0 254 254 0.943 0.800 17.87
22000.0 23000.0 3000.0 248 248 0.936 0.800 17.00
CO
32000.0 39000.0 0.0 974 668 0.828 0.800 3.50
Q£
l_ 29000.0 36000.0 0.0 906 621 0.834 0.800 4.25
01
S ' 34000.0 33000.0 0.0 881 603 0.803 0.800 0.38
OJ
d
—t 39000.0 12000.0 0.0 641 439 0.861 0.800 7.63
u a 12000.0 31000.0 0.0 605 414 0.861 0.800 7.62
o 
11
o*-> 16000.0 21000.0 0.0 563 385 0.852 0.800 6.50
o 15000.0 18000.0 0.0 362 248 0.791 0.800 -1 .12
CD 16000.0 15000.0 0.0 333 22B 0.789 0.800 -1 .37
11000.0 16000.0 0.0 331 227 0.854 0.800 6.75
500.0 39500.0 1500.0 999 306 1.062 1 .000 6.20
30500.0 500.0 1500.0 942 303 1.075 1 .000 7.50
20500.0 500.0 1500.0 782 251 1.091 1 .000 9.10
n 30500.0 2500.0 1500.0 590 190 0.B98 0.800 12.25
OJ
pm 10500.0 500.0 1500.0 524 16B 1.123 1 .000 12.30
20500.0 2500.0 1500.0 466 150 0.905 0.800 13.13
8500.0 500.0 1500.0 207 66 1.590 1 .000 59.00 jk
12500.0 500.0 1500.0 143 46 0.722 0.800 -9.75
6500.0 500.0 1500.0 100 32 0.635 0.800 -20.62
WRT stands For ' with respect t o '  DeFlection Factor = 0.1751 mm Force Factor = 0.9984 kN
TABLE 5.3.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
33000.0 39000.0 0 .0 962 0.687 0.600 14.50
L . 33000.0 35000.0 0 .0 945 0.689 0.600 14.83
C
o
cu
rj> 29000.0 39000.0 0 .0 909 0.688 0.600 14.67
•H cJ 27000.0 29000.0 0 .0 798 0.693 0.600 15.50
u
QJ E 23000.0 17000.0 0 .0 497 0.701 0.600 16.83
11
O 11000.0 35000.0 0 .0 41B 0.703 0.600 17.17
a i o 23000.0 11000.0 0 .0 339 0.708 0.600 18.00a m 9000.0 19000.0 0 .0 245 0.714 0.600 19.00
3000.0 29000.0 0 .0 111 0.737 0.600 22.83
40000.0 1000.0 3000.0 1000 1000 0.726 0.600 21.00
1000.0 30000.0 3000.0 927 927 0.727 0.600 21 .17
L . 1000.0 20000.0 3000.0 717 717 0.731 0.600 21 .83
ip 30000.0 5000.0 3000.0 515 515 0.694 0.600 15.67
c i 39000.0 34000.0 3000.0 446 446 0.818 0.600 36.33
a 37000.0 34000.0 3000.0 443 443 0.824 0.600 37.33
o
*— 15000.0 34000.0 3000.0 259 259 1.049 0.600 74 .83
33000.0 16000.0 3000.0 254 254 0.848 0.600 41 .33
N 22000.0 23000.0 3000.0 248 248 0.864 0.600 44 .00
OJ 32000.0 39000.0 0 .0 974 668 0.651 0.600 8 .50
□ £
t . 29000.0 36000.0 0 .0 906 621 0.657 0.600 9 .50
cu
ZP 34000.0 33000.0 0 .0 881 603 0.616 0.600 2 .6 7
Oi
a 39000.0 12000.0 0 .0 641 439 0.713 0.600 18.83
U1^ B 12000.0 31000.0 0 .0 605 414 0.713 0.600 18.83
o  11
o 16000.0 21000.0 0 .0 563 385 0.691 0.600 15.17
o 15000.0 18000.0 0 .0 362 24B 0.611 0.600 1 .83
m 16000.0 15000.0 0 .0 333 22B 0.606 0.600 1 .00
11000.0 16000.0 0 .0 331 227 0.692 0.600 15.33
500.0 39500.0 1500.0 999 306 1.143 1.000 14.30
30500.0 500.0 1500.0 942 303 1.194 1.000 19.40
20500.0 500.0 1500.0 782 251 1.265 1.000 26 .50
n 30500.0 2500.0 1500.0 590 190 0.896 0.600 49 .33
cu 10500.0 500.0 1500.0 524 168 1.422 1.000 42 .20
20500.0 2500.0 1500.0 466 150 0.941 0.600 56.83
B500.0 500.0 1500.0 207 66 2.621 1.000 162.10 *
12500.0 500.0 1500.0 143 46 0.679 0.600 13.17
6500.0 500.0 1500.0 100 32 0.402 0.600 -3 3 .0 0
33000.0 390B0.0 0 .0 962 0.508 0.400 27 .00
L 33000.0 35000.0 0 .0 945 0.514 0.400 28.50
c
o
CUIT' 29000.0 39000.0 0 .0 909 0.510 0.400 27 .50
•«->
d 27000.0 29000.0 0 .0 798 0.517 0.400 29.25
u
CD E 23000.0 17000.0 0 .0 497 0.525 0.400 31 .25o 11000.0 35000.0 0 .0 41B 0.532 0.400 33 .00
o 23000.0 11000.0 0 .0 339 0.534 0.400 33 .50Q m 9000.0 19000.0 0 .0 245 0.542 0.400 35 .50
3000.0 29000.0 0 .0 111 0.567 0.400 41 .75
40000.0 1000.0 3000.0 1000 1000 0.637 0.400 59 .25
1000.0 30000.0 3000.0 927 927 0.638 0.400 59 .50
t . 1000.0 20000.0 3000.0 717 717 0.643 0.400 60 .75
ip 30000.0 5000.0 3000.0 515 515 0.546 0.400 36.50
d
39000.0 34000.0 3000.0 446 446 0.671 0.400 67 .75
a. 37000.0 34000.0 3000.0 443 443 0.6B2 0.400 70 .50o
* - 15000.0 34000.0 3000.0 259 259 1.348 0.400 237.00
33000.0 16000.0 3000.0 254 254 0.712 0.400 78.00
OJ 22000.0 23000.0 3000.0 248 248 0.7B7 0.400 96 .75
OJ 32000.0 39000.0 0 .0 974 66B 0.468 0.400 17.00
CJ£
L . 29000.0 36000.0 0 .0 906 621 0.473 0.400 18.25
(U
IP 34000.0 33000.0 0 .0 881 603 0.437 0.400 9 .25
Ql
a 39000.0 12000.0 0 .0 641 439 0.544 0.400 36 .00
U E 12000.0 31000.0 0 .0 605 414 0.544 0.400 36 .00
o  11 O-«-> 16000.0 21000.0 0 .0 563 385 0.514 0.400 2B.50
o 15000.0 1B000.0 0 .0 362 24B 0.408 0.400 2 .00
m 16000.0 15000.0 0 .0 333 228 0.395 0.400 -1 .25
11000.0 16000.0 0 .0 331 227 0.515 0.400 28 .75
500.0 39500.0 1500.0 999 306 1.239 1 .000 23 .90
30500.0 500.0 1500.0 942 303 1.402 1.000 40 .20
20500.0 500.0 1500.0 782 251 1.687 1.000 68 .70
,n 30500.0 2500.0 1500.0 590 190 0.994 0.400 148.50
CU 10500.0 500.0 1500.0 524 16B 2.686 1 .000 168.60
20500.0 2500.0 1500.0 466 150 1.192 0.400 198.00
6500.0 500.0 1500.0 207 66 2.472 1 .000 147.20
12500.0 500.0 1500.0 143 46 1.024 0.400 156.00
6500.0 500.0 1500.0 100 32 0.276 0.400 -3 1 .0 0
WRT stands For ' with respect to '  DeFtection Factor = 0.1751 mm Force Factor = 0.99B1 kN
CASE 4 !  RooF oF a sports hall
Supports: The indicated boundary jo in ts  
are F u lly  res tra in ed  For tra n s la tio n .
Loading: UDL consisting oF:
Dead load = 1.25 kN/m 2
Snow load = 0.75 kN/m 2
The load is  applied a t the top layer 
jo in ts  as po in t loads P.
TABLE 5 .4 .1
40.00 tn
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T 3210.00 CHS 0 1GB.30* 8.30
R Structure 841 3200 2000 P = -8.000 2570.00 CHS 0 1GB.30/ 5.00
W 2570.00 CHS 0 1GB.30v5.00
T 3210.00 CHS 0 16B.30/6.30
B Renecture 545 2048 2000 P =-12.20B as
2570.00 CHS 0 16B.30z5.00
W 1 2570.00 CHS 0 16B.30z5.00
T
o
a 3210.00 CHS 0 16B.30z6.30
R Renecture 313 1152 2000 P =-20.B76 N 2570.00 CHS 0 16B.30/5.00
V 2 2570.00 CHS 0 16B.30v5.00
T 3210.00 CHS 0 16B.30v6.30
R Renecture 145 512 2000 P =-43.558 2570.00 CHS 0 16B.30z5.00
W 3 2570.00 CHS 0 168.30z5.00
T, B and W stand For top Layerj bottom Layer and web members, respectiveLy.
TABLE 5 .4 . 2
Re
ne
ct
ur
e Coordinates oF the point PermiLLage 
WRT the 
Layer
PermiLLage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
17000.0 21000.0 0.0 970 0.859 0.800 7.38
L. 21000.0 15000.0 0.0 927 0.B60 0.800 7.50
Co
Qi 23000.0 25000.0 0.0 907 0.862 0.B00 7.75
•H d 21000.0 27000.0 0.0 863 0.861 0.800 7.62
u
cu E 33000.0 19000.0 0.0 558 0.868 0.800 B.50
mmJft 3 19000.0 35000.0 0.0 421 0.874 0.800 9.25
CU O 33000.0 7000.0 0.0 389 0.864 0.800 8.00□ m 31000.0 37000.0 0.0 299 0.867 0.800 8.38
3000.0 23000.0 0.0 282 0.874 0.B00 9.25
39000.0 20000.0 2000.0 1000 1000 0.869 0.800 8.63 f
1000.0 20000.0 2000.0 999 999 0.869 0.B00 8.63 f
L. 21000.0 40000.0 2000.0 569 569 0.892 0.800 11.50 +
20000.0 37000.0 2000.0 411 411 0.716 0.800 -10.50
cS
20000.0 19000.0 2000.0 327 327 0.826 0.800 3.25
a_ 20000.0 25000.0 2000.0 2B3 283 0.830 0.800 3.75o
H* B000.0 13000.0 2000.0 1B5 185 0.92B 0.800 16.00
31000.0 34000.0 2000.0 147 147 0.915 0.B00 14.38
3000.0 38000.0 2000.0 102 102 1 .346 0.800 6B.25 *
*37
20000.0 21000.0 0.0 92 7 624 0.851 0.800 6.37
1. 24000.0 19000.0 0.0 91B 617 0.853 0.800 6.63CU
rx» 4000.0 21000.0 0.0 763 513 0.958 0.800 19.75 f
(U
d 31000.0 20000.0 0.0 432 290 0.856 0.800 7.00
u £ 31000.0 12000.0 0.0 369 248 0.799 0.800 -0.12
o 11 O+* 14000.0 33000.0 0.0 335 225 0.799 0.800 -0.12
Q 8000.0 33000.0 0.0 260 175 0.763 0.800 -4.62m 4000.0 35000.0 0.0 166 111 0.712 0.800 -11.00
24000.0 3000.0 0.0 106 71 0.774 0.800 -3.25
39500.0 20500.0 1000.0 1000 873 1 .060 1 .000 6.00
20500.0 500.0 1000.0 999 873 1 .060 1 .000 6.00
1B500.0 500.0 1000.0 481 421 1 .693 1 .000 69.30 K
,r> 22500.0 500.0 1000.0 456 399 0.752 B.B00 -6.00
CU 16500.0 500.0 1000.0 295 258 0.782 0.800 -2.25
2500.0 500.0 1000.0 290 254 0.755 0.800 -5.62
14500.0 500.0 1000.0 194 169 0.777 0.800 -2.88
4500.0 500.0 1000.0 132 115 0.752 0.800 -6.00
12500.0 500.0 1000.0 125 109 0.779 0.800 -2.62
WRT stands For 'w ith  respect to ' DeFLection Factor = 0.0726 mm Force Factor = 0 .M 92 kN
TABLE 5.4.2 (continued)
Ojc.
3.+J
Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E stim ated
R a tio
P ercen tag e
E rro rUOJ
cQJOC
X
mm
r
mm
z
mm
co
L>uOJ
u.
Oj
a
L.(b
d
eD
.*>Om
17000.0
21000.0
23000.0
21000.0
33000.0
15000.0
33000.0
31000.0  
3000.0
21000.0
15000.0
25000.0
27000.0
19000.0
35000.0  
7000.0
37000.0
23000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
970
927
907
863
558
421
369
299
282
0.712
0.708
0.710
0.715
0.725
0.723
0.710
0.713
0.736
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
18.67  
18.00
18.33  
19.17
20 .83  
20.50
18.33
18.83
22 .67
CNJ
L .
CU31
d
CLO
J—
39000.0  
1000.0
21000.0  
20000.0  
20000.0  
20000.0
6000.0  
31000.0  
3000.0
20000.0
20000.0
40000.0
37000.0
19000.0
25000.0
13000.0
34000.0
38000.0
2000.0
2000.0
2000.0
2000.0
2000.0
2000.0
2000.0
2000.0
2000.0
1000
999
569
411
327
283
165
147
102
1000
999
569
411
327
283
185
147
102
0.774
0.774
0.867
0.538
0.671
0.668
0.890
0.920
2.105
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
29 .00  +
29 .00  f  
44 .50  4 .
-1 0 .3 3  
11 .83 
11 .33
48.33
53.33  
250.83 *
cm
Qj
U
C.
o
L L
l_
a i31
CJ—J
EO
-P
om
20000.0
24000.0
4000.0
31000.0
31000.0
14000.0
6000.0  
4000.0
24000.0
21000.0
19000.0
21000.0  
20000.0  
12000.0
33000.0
33000.0
35000.0  
3000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
927
918
763
432
369
335
260
166
106
624
617
513
290
248
225
175
111
71
0.697
0.699
0.876
0.721
0.606
0.600
0.552
0.555
0.546
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
16.17  
16.50  
46 .00  -{•
20 .17  
1 .00  
0 .0 0
- 8 .00
-7 .5 0
-9 .0 0
-Dcu3c
39500.0
20500.0
18500.0
22500.0
16500.0
2500.0
14500.0
4500.0
12500.0
20500.0
500.0
500.0
500.0
500.0
500.0
500.0
500.0
500.0
1000.0
1000.0
1000.0
1000.0
1000.0
1000.0
1000.0
1000.0
1000.0
1000
999
4B1
456
295
290
194
132
125
873
873
421
399
25B
254
169
115
109
1.140
1.140 
6.728  
0.609  
0.627  
0.614  
0.604  
0.645  
0.578
1 .000 
1 .000 
1 .000 
0.600  
0.600  
0.600  
0.600  
0.600  
0.600
14.00
14.00  
572.80 *
1 .50
4 .5 0  
2 .3 3  
0 .6 7
7 .5 0  
-3 .6 7
C
o
L »uOJ
CJ.a>a
C.
CU
31
d
EO-^ >
oca
17000.0
21000.0
23000.0
21000.0
33000.0
19000.0
33000.0
31000.0  
3000.0
21000.0
15000.0
25000.0
27000.0
19000.0
35000.0  
7000.0
37000.0
23000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
970
927
907
B63
558
421
389
299
282
0.556
0.563
0.559
0.558
0.562
0.570
0.522
0.527
0.570
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
39 .00
40 .75
39 .75
39 .50
40.50
42 .50
30 .50
31 .75
42 .50
cn
c .
cu31
c l
CLO
t -
39000.0  
1000.0
21000.0  
20000.0  
20000.0  
20000.0
8000.0  
31000.0
20000.0
20000.0
40000.0
37000.0
19000.0
25000.0
13000.0
34000.0
2000.0  
2000.0  
2000.0  
2000.0  
2000.0  
2000.0  
2000.0  
2000.0
1000
999
569
411
327
283
185
147
1000
999
569
411
327
283
185
147
0.748  
0.748  
0.909  
0.448  
0.551 
0.565  
0.987  
1.271
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
87 .00  t
87 .00  t  
127.25 t
12.00  
37 .75  
41 .25
146.75
217.75 *
•* -
ck
a iu
t .ou.
i_
CU31
d
E
□
•+J
O
CD
20000.0
24000.0
4000.0
31000.0
31000.0
14000.0
8000.0  
4000.0
21000.0
19000.0
21000.0  
20000.0  
12000.0
33000.0
33000.0
35000.0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
927
918
763
432
369
335
260
166
624
617
513
290
248
225
175
1 1 1
0.539
0.545
0.733
0.607
0.424
0.433
0.246
0.380
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
34 .75
36 .25
83 .25  t  
51 .75
6 .00
8 .25
-3 8 .5 0
-5 .0 0
J 3
CU
>
39500.0
20500.0
18500.0
22500.0
16500.0
2500.0
14500.0
4500.0
20500.0
500.0
500.0
500.0
500.0
500.0
500.0
500.0
1000.0 
1000.0 
1000.0  
1000.0 
1000.0 
1000.0 
1000.0 
1000.0
1000
999
481
456
295
290
194
132
B73
873
421
399
258
254
169
115
1.267
1.267 
2.050  
0.525  
0.527  
0.436  
0.430  
0.405
1 .000 
1.000  
1 .000 
0.400  
0.400  
0.400  
0.400  
0.400
26 .70
26 .70  
105.00. j#
31 .25  
31 .75  
9 .00  
7 .5 0  
1 .25
WRT stands For 'w ith  respect t o '  DeFLection Factor = 0.072B mm Force Factor = 0.4492 kN
CASE 5 ! A typical Floor oF a multistorey 
building
Supports: The indicated top layer joints 
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load (including partitions) = 5.0 kN/m 2 
Live load = 2.0 kN/m ^
The load is applied at the top and bottom 
layer joints as point loads PI and P2, 
respectively.
TABLE 5.5.1
.00 m
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T = -8.500
c -0.500
1980.00 ROD P 50.00
B Structure 841 3200 1000
P2
1580.00 ROD 0 45.00
W 1980.00 ROD 0 50.00
T PI
P2
= -8.9IB 
= -0.781
1960.00 ROD 0 50.00
B Renecture
1
545 2048 1000 a 1590.00 ROD P 45.00
V 6) 1960.00 ROD 0 50.00
T sCM 1960.00 ROD 0 50.00
B Renecture 313 1152 1000
P2 = -1.388
1590.00 ROD 0 45.00
W 2 1960.00 ROD 0 50.00
T =-35.388 
= -3.125
1960.00 ROD 0 50.00
B Renecture 145 512 1000
P2
1590.00 ROD 0 45.00
W 3 1960.00 ROD 0 50.00
Ti B and W stand For top layer, bottom layer and web members, respectively.
TABLE 5.2.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm i 
-< z
mm
5500.0 3500.0 0.0 987 0.843 0.800 5.38
L 6500.0 13500.0 0.0 930 0.849 0.800 6.13
Co
ai31 7500.0 6500.0 0.0 881 0.851 0.800 6.37
cJ 13500.0 1500.0 0.0 869 0.850 0.800 6.25
ucu e 17500.0 8500.0 0.0 820 0.860 0.800 7.50
mmJft 3 18500.0 19500.0 0.0 584 0.870 0.800 8.75
□ o 500.0 19500.0 0.0 319 0.855 0.800 6.88m 10500.0 19500.0 0.0 273 0.811 0.800 1 .38
9500.0 10500.0 0.0 223 0.744 0.800 -7.00
10000.0 10500.0 1000.0 1000 63B 0.950 0.800 18.75 t
10500.0 10000.0 1000.0 999 638 0.950 0.800 18.75 t
L 9000.0 10500.0 1000.0 757 4B3 0.927 0.800 15.88 t
20000.0 10500.0 1000.0 713 455 0.929 0.800 16.13 tc5
mmJ 12000.0 9500.0 1000.0 440 281 0.808 0.800 1 .00
D_ 8500.0 11000.0 1000.0 311 199 0.772 0.800 -3.50
O
H 500.0 20000.0 1000.0 258 165 0.898 0.800 12.25 t
5500.0 0.0 1000.0 248 158 0.848 0.800 6.00
14000.0 9500.0 1000.0 117 74 0.670 0.800 -16.25
CJ
10000.0 10500.0 0.0 1000 780 0.944 0.800 18.00 t
Q£
L . 10000.0 9500.0 0.0 999 780 0.944 0.800 10.00 tCU
ZJ\ 10000.0 500.0 0.0 876 684 0.867 0.800 8.38 t
OJ cJmmJ 19500.0 18000.0 0.0 438 342 0.877 0.800 9.63
U
t e 8500.0 10000.0 0.0 410 320 0.703 0.800 -12.13
ife
o 10500.0 6000.0 0.0 382 298 0.854 0.800 6.75
o 12500.0 16000.0 0.0 247 193 0.801 0.800 0.13
CD 15000.0 12500.0 0.0 237 185 0.784 0.800 -2.00
6500.0 14000.0 0.0 106 83 0.726 0.800 -9.25
9750.0 10250.0 500.0 1000 1000 1.191 1 .000 19.10
10250.0 10250.0 500.0 999 999 1.191 1.000 19.10
10250.0 250.0 500.0 728 72B 1.044 1 .000 4.40
J3 250.0 19750.0 500.0 543 543 0.923 1.000 -7.70CU 9250.0 9250.0 500.0 420 420 1.263 1 .000 26.30 *
1250.0 250.0 500.0 235 235 0.747 0.800 -6.62
8250.0 250.0 500.0 217 217 0.770 0.800 -3.75
7250.0 250.0 500.0 139 139 0.768 0.800 -4.00
2250.0 250.0 500.0 109 109 0.729 • 0.800 -8.87
WRT stands For '  with respect to  7 DeFlection Factor = 0.0070 mm Force Factor = 0.30B9 kN
TABLE 5.5.2 (continued)
Re
ne
ctu
re Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
Xmm Ymm
zmm
5500.0 3500.0 0 .0 987 0.660 0.600 10.00
L 6500.0 13500.0 0 .0 930 0.671 0.600 11.83
C
o
CU
zn 7500.0 6500.0 0 .0 881 0.676 0.600 12.67
• H c f 13500.0 1500.0 0 .0 869 0.668 0.600 11.33
U
QJ E 17500.0 8500.0 0 .0 820 0.672 0.600 12.00o
4 J 18500.0 19500.0 0 .0 584 0.695 0.600 15.83
CU -«->0 500.0 19500.0 0 .0 319 0.641 0.600 6 .83o CO 10500.0 19500.0 0 .0 273 0.562 0.600 -6 .3 3
9500.0 10500.0 0 .0 223 0.475 0.600 -2 0 .8 3
10000.0 10500.0 1000.0 1000 63B 0.921 0 .6 00 53 .50  +
10500.0 10000.0 1000.0 999 638 0.921 0 .6 0 0 53 .50  f
L . 9000.0 10500.0 1000.0 757 483 0.873 0.6100 45 .50  f
Qjrr> 20000.0 10500.0 1000.0 713 455 0.888 0 .6 00 4 8 .B0 f
d 12000.0 9500.0 1000.0 440 281 0.6B3 0.600 13.83
D . 8500.0 11000.0 1000.0 311 199 0.570 0.600 -5 .0 0
0  
1— 500.0 20000.0 1000.0 258 165 0.894 0.600 49 .00  +
5500.0 0 .0 1000.0 248 15B 0.735 0.600 22 .50
c n 14000.0 9500.0 1000.0 117 74 0.420 0.600 -3 0 .0 0
N 10000.0 10500.0 0 .0 1000 780 0.917 0.600 52 .83  t
oc
e 10000.0 9500.0 0 .0 999 780 0.917 0.600 52 .83  t
cu
zn 10000.0 500.0 0 .0 876 684 0.739 0.600 23 .17  t
GJ
a
— j 19500.0 18000.0 0 .0 438 342 0.700 0.600 16.67
U
E 8500.0 10000.0 0 .0 410 320 0.531 0.600 -1 1 .5 0
o
L L
O
4 J 10500.0 6000.0 0 .0 382 29B 0.712 0.600 18.67
O 12500.0 16000.0 0 .0 247 193 0.641 0.600 6.83
OQ 15000.0 12500.0 0 .0 237 185 0.601 0.600 0.17
6500.0 14000.0 0 .0 106 83 0.505 0.600 -1 5 .8 3
9750.0 10250.0 500.0 1000 1000 1.480 1.000 48.00
10250.0 10250.0 500.0 999 999 1.4B0 1 .000 48.00
10250.0 250.0 500.0 728 72B 1.104 1 .000 10.40
n 250.0 19750.0 500.0 543 543 0.846 1 .000 -1 5 .4 0
CU 9250.0 9250.0 500.0 420 420 2.066 1 .000 106.60 *
1250.0 250.0 500.0 235 235 0.5B6 0.600 -2 .3 3
8250.0 250.0 500.0 217 217 0.604 0.600 0 .6 7
7250.0 250.0 500.0 139 139 0.587 0.600 -2 .1 7
2250.0 250.0 500.0 109 109 0.597 0.600 -0 .5 0
5500.0 3500.0 0 .0 987 0.443 0.400 10.75
L 6500.0 13500.0 0 .0 930 0.459 0.400 14.75
C
o S > 7500.0 6500.0 0 .0 881 0.466 0 .400 16.50
•H d  
— < 13500.0 1500.0 0 .0 869 0.437 0 .400 9 .2 5
u
Qj E 17500.0 8500.0 0 .0 B20 0.498 0.400 24 .50O
-+J 18500.0 19500.0 0 .0 584 0.437 0.400 9 .2 5
%
O 500.0 19500.0 0 .0 319 0.332 0.400 -1 7 .0 0a m 10500.0 19500.0 0 .0 273 0.274 0.400 -3 1 .5 0
9500.0 10500.0 0 .0 223 0.236 0.400 -4 1 .0 0
10000.0 10500.0 1000.0 1000 63B 8.9B2 0.400 145.50 t
10500.0 10000.0 1000.0 999 63B 0.9B2 0.400 145.50 t
L 9000.0 10500.0 1000.0 757 483 0.876 0.400 119.00 f
20000.0 10500.0 1000.0 713 455 0.946 0.400 136.50 f
.3 12000.0 9500.0 1000.0 440 281 0.620 0.400 55 .00
Q . 8500.0 11000.0 1800.0 311 199 0.412 0.400 3 .0 0
O
H - 500.0 20000.0 1000.0 258 165 1.368 0.400 242.00 t
5500.0 0 .0 1000.0 248 15B 0.723 0.400 80 .75
CO 14000.0 9500.0 1000.0 117 74 0.242 0.400 -3 9 .5 0
N 10000.0 10500.0 0 .0 1000 780 0.994 0.400 148.50 t
DC
l_ 10000.0 9500.0 0 .0 999 780 0.994 0.400 148.50 t
Qj
O ' 10000.0 500.0 0 .0 876 684 0.630 0.400 57 .50  t
Qj
d
— j 19500.0 18000.0 0 .0 438 342 0.547 0.400 36 .75
U
E 8500.0 10000.0 0 .0 410 320 0.448 0.400 12.00
£
O
H-» 10500.0 6000.0 0 .0 382 298 0.594 0.400 48 .50
O 12500.0 16000.0 0 .0 247 193 0.434 0.400 8.50
m 15000.0 12500.0 0 .0 237 185 0.394 0.400 -1 .50
6500.0 14000.0 0 .0 106 83 0.336 0.400 -1 6 .0 0
9750.0 10250.0 500.0 1000 1000 2.017 1 .000 101.70
10250.0 10250.0 500.0 999 999 2.017 1 .000 101.70
10250.0 250.0 500.0 728 72B 1.202 1 .000 20 .20
n 250.0 19750.0 500.0 543 543 0.764 1 .000 -2 3 .6 001
3e 9250.0 9250.0 500.0 420 420 8.992 1.000 799.20 *
1250.0 250.0 500.0 235 235 0.472 0.400 18.00
8250.0 250.0 500.0 217 217 0.571 0.400 42 .75
7250.0 250.0 500.0 139 139 0.405 0.400 1 .25
2250.0 250.0 500.0 109 109 0.3B0 0.400 -5 .0 0
WRT stands Pop 'w ith  respect t o '  DeFlection Factor = 0.0070 mra Force Factor = 0.30B9 kN
CASE G ! A typical Floor oF a multistorey 
buiIding
Supports: The indicated top layer joints 
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load = 4.50 kN/m^
Live load = 2.00 kN/m^
The load is applied at the top layer 
joints as point loads P.
TABLE 5.6.1
B .00 m
Number
oF
joints
Number
oF
members
Height
mra
Load
kN
E
kN/mm2
A
mm2
Section
Dimensions
mm
T 707.00 ROD 0 30.00
B Structure 32B1 12B00 750 p = -1.040 707.00 ROD 0 30.00
V 707.00 ROD 30.00
T
Renecture
707.00 ROD 0 30.00
B 2113 B192 750 P = -1.605 sa 707.00 ROD 0 30.00
V I a
a
N
707.00 ROD 0 30.00
T
Renecture
707.00 ROD 0 30.00
B 1201 4608 750 p = -2.737 707.00 ROD P 30.00
V C. 707.00 ROD 0 30.00
T
Renecture
707.B0 ROD 0 30.00
B 545 2048 750 p = -B.043 707.00 ROD 0 30.00
V J 707.00 ROD 0 30.00
T, B and W stand For top Layer, bottom layer and web members, respectively.
TABLE 5.6.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mra
z
mm
1B00.0 3800.0 0.0 980 0.875 0.800 9.38
L. 4600.0 2200.0 0.0 971 0.877 0.800 9.63
Co
CD
r * 1400.0 5400.0 0.0 B82 0.882 0.800 10.25
• H d 2200.0 600.0 0.0 858 0.880 0.800 10.00
u
Qj E 600.0 5800.0 0.0 750 0.889 0.800 11.13
11 ■3 6600.0 7000.0 0.0 623 0.911 0.800 13.88
Q
*->
o 6600.0 7800.0 0.0 556 0.931 0.800 16.38
C O 7B00.0 7400.0 0.0 334 1.002 0.800 25.25 t
200.0 7400.0 0.0 306 0.953 0.800 19.12
7800.0 8000.0 750.0 1000 558 0.914 0.800 14.25 t
7600.0 7800.0 750.0 822 45B 0.886 0.800 10.75 f
L. 400.0 7B00.0 750.0 673 375 0.944 0.800 18.00 f
0.0 7800.0 750.0 634 354 0.B69 0.800 8.62_! 7800.0 7200.0 750.0 558 311 0.792 0.800 -1 .00
CL 8000.0 7400.0 750.0 509 284 0.760 0.800 -5.00
O 400.0 7400.0 750.0 446 249 0.868 0.800 8.50
3000.0 6800.0 750.0 255 142 0.873 0.800 9.13
1400.0 1200.0 750.0 103 57 0.B78 0.800 9.75
CD
8000.0 7800.0 0.0 1000 646 0.890 0.800 11.25 +Q£
L. 200.0 8000.0 0.0 884 571 0.845 0.800 5.63Qim 7600.0 200.0 0.0 496 321 0.790 0.800 -1 .25
0>
o 2000.0 7800.0 0.0 470 304 0.865 0.800 8.12
Uc E 7800.0 2400.0 0.0 456 294 0.859 0.800 7.37
O 11
O 200.0 2B00.0 0.0 452 292 0.833 0.800 4.12
■*>
o 7600.0 7800.0 0.0 440 284 0.766 0.800 -4.25
cn 2400.0 6200.0 0.0 164 106 0.796 0.800 -0.50
6800.0 6600.0 0.0 112 72 0.890 0.800 11 .25
7900.0 7900.0 375.0 1000 1000 1.164 1.000 16.40
100.0 7900.0 375.0 685 685 1.038 1 .000 3.80
100.0 100.0 375.0 478 478 0.924 1.000 -7.60
J3 7700.0 7700.0 375.0 448 448 0.883 1 .000 -11.70Q; 100.0 7700.0 375.0 276 276 0.850 1 .000 -15.00
7700.0 7300.0 375.0 215 215 0.713 0.800 -10.87
100.0 6900.0 375.0 127 127 0.760 0.800 -5.00
100.0 900.0 375.0 114 114 0.710 0.800 -11 .25
7300.0 6500.0 375.0 103 103 0.835 0.800 4.38
WRT stands For 'w ith  respect to  '  DeFlection Factor = 0.0055 mra Force Factor = 0.1 G31 kN
TABLE 5.6.2 (continued)
Re
ne
ct
ur
e
C o o r d i n a t e s  o F  t h e  p o i n t Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
1800.0 3800.0 0 .0 980 0.723 0.600 20.50
L 1600.0 2200.0 0 .0 971 0.726 0.600 2 1 .00
Co
tuz r 1100.0 5100.0 0 .0 882 0.731 0.600 22 .33
• rH d 2200.0 600.0 0 .0 858 0.735 0.600 22.50
TjQj E 600.0 5800.0 0 .0 750 0.717 0.600 21 .50o 6600.0 7000.0 0 .0 623 0.7B8 0.600 31 .33
o 6600.0 7800.0 0 .0 556 0.826 0.600 37 .67Q m 7800.0 7100.0 0 .0 331 0.973 0.600 62 .17  +
200.0 7100.0 0 .0 306 0.858 0.600 13.00
7800.0 8000.0 750.0 1000 55B 0.B30 0.600 38 .33  -f
7600.0 7800.0 750.0 822 158 0.783 0.600 30 .50  -t
t. 100.0 7B00.0 750.0 673 375 0.863 0.600 13 .83  *0;31 0 .0 7800.0 750.0 631 351 0.715 0.600 21 .16d 7800.0 7200.0 750.0 558 311 0.639 0.600 6 .5 0
CL 8000.0 7100.0 750.0 509 281 0.572 0.600 -1 .6 7□
1— 100.0 7100.0 750.0 116 219 0.716 0.600 19.33
3000.0 6B00.0 750.0 255 112 0.733 0.600 22 .17
w 1100.0 1200.0 750.0 103 57 0.826 0.600 37 .67
CD
8000.0 7800.0 0 .0 1000 616 0.785 0.600 30 .83  +oc L. 200.0 8000.0 0 .0 881 571 0.699 0.600 16.50Q>
31 7600.0 200.0 0 .0 196 321 0.609 0.600 1.50
Qj
a 2000.0 7800.0 0 .0 170 301 0.723 0.600 20 .50
Ut _ E 7800.0 2100.0 0 .0 156 291 0.715 0.600 19.16
o(1 o 200.0 2800.0 0 .0 152 292 0.661 0.600 10.17
o 7600.0 7800.0 0 .0 110 281 0.589 0.600 -1 .8 3
m 2100.0 6200.0 0 .0 161 106 0.595 0.600 -0 .8 3
6800.0 6600.0 0 .0 112 72 0.795 0.600 32.50
7900.0 7900.0 375.0 1000 1000 1.390 1 .000 39 .00
100.0 7900.0 375.0 685 685 1.090 1.000 9 .0 0
100.0 100.0 375.0 178 178 0.816 1 .000 -1 5 .1 0
n 7700.0 7700.0 375.0 118 118 0.805 1.000 -1 9 .5 0
CD 100.0 7700.0 375.0 276 276 0.711 1.000 -2B .60
7700.0 7300.0 375.0 215 215 0.517 0.600 -8 .8 3
100.0 6900.0 375.0 127 127 0.567 0.600 -5 .5 0
100.0 900.0 375.0 111 111 0.530 0.600 -1 1 .6 7
7300.0 6500.0 375.0 103 103 0.651 0.600 9.00
1800.0 3800.0 0 .0 980 0.532 0.100 33.00
u 1600.0 2200.0 0 .0 971 0.533 0.100 33.25
co s* 1100.0 5100.0 0 .0 882 0.512 0.100 35 .50•H d 2200.0 600.0 0 .0 858 0.519 0.100 37 .25
uQj E 600.0 5800.0 0 .0 750 0.558 0.100 39.50
f t  J
O 6600.0 7000.0 0 .0 623 0.592 0.100 18.00
CD o 6600.0 7B00.0 0 .0 556 0.665 0.100 66.25□ m 7800.0 7100.0 0 .0 331 0.896 0.100 121.00 f
200.0 7100.0 0 .0 306 0.671 0.100 68.50
7800.0 8000.0 750.0 1000 558 0.756 0.100 89 .00  t
7600.0 7800.0 750.0 822 158 0.698 0.100 71 .50  t
L_ 100.0 7800.0 750.0 673 375 0.766 0.100 91 .50  t
U* 0 .0 7800.0 750.0 631 351 0.613 0.100 60 .75d
7800.0 7200.0 750.0 558 311 0.510 0.100 35 .00
Q. 8000.0 7100.0 750.0 509 281 0.121 0.100 5 .2 5O
1— 100.0 7100.0 750.0 116 219 0.517 0.100 36 .75
3000.0 6800.0 750.0 255 112 0.625 0.100 56 .25
CO 1100.0 1200.0 750.0 103 57 0.887 0.100 116.75
CD 8000.0 7B00.0 0 .0 1000 616 0.699 0.100 71 .75  +Q£
c. 200.0 8000.0 0 .0 881 571 0.556 0.100 39 .00(D 7600.0 200.0 0 .0 196 321 0.152 0.100 13.00
CD
d —* 2000.0 7800.0 0 .0 170 301 0.571 0.100 12 .75
U E 7800.0 2100.0 0 .0 156 291 0.553 0.100 38 .25
£ O 200.0 2B00.0 0 .0 152 292 0.179 0.100 19.75
o 7600.0 7800.0 0 .0 110 281 0.161 0.100 16.00
m 2100.0 6200.0 0 .0 161 106 0.397 0.100 -0 .7 5
6800.0 6600.0 0 .0 112 72 0.677 0.100 69 .25
7900.0 7900.0 375.0 1000 1000 1.772 I .000 77 .20
100.0 7900.0 375.0 685 685 1.165 I .000 16.50
100.0 100.0 375.0 178 178 0.759 1 .000 -2 1 .1 0
jj 7700.0 7700.0 375.0 118 11B 0.781 1 .000 -2 1 .9 0
CDJjB 100.0 7700.0 375.0 276 276 0.590 1 .000 -1 1 .0 0
7700.0 7300.0 375.0 215 215 0.162 0.100 15.50
100.0 6900.0 375.0 127 127 0.3B1 0.100 -1 .0 0
100.0 900.0 375.0 111 111 0.331 0.100 -1 7 .2 5
7300.0 6500.0 375.0 103 103 0.152 0.100 13.00
WRT stands For 'w ith  respect t o '  DeFlection Factor = 0.0055 mra Force Factor = 0.1B31 kN
CASE 7 ! RooF oF a workshop
Supports: The indicated top Layer joints 
are Fully restrained For translation.
Loading: Point load P applied at the
central joint oF the top layer.
;• >■: x k x x X k Xl XI XI Load P f tk y x k x X XI XI XI Xl XI
X x X x y X x X XI X X XI y -X X x f t x
x Y x x k k x V XIY h>I XI XI XI f t k f t Jf.
k y & k k jl; XI XIYX ■k %XI f t Y XI
X & x V k k XI X X XI Y Y XI f t Y
y y V k x y k X XI >: XI A Y XI V
X y x k x k k x; XI x. XI bk X XI k
x y A k x x* k XI XI XI X XI k •V
XI x £ ■m%vj: ;i; •XY Y k Y Y >;
G> y Y & ;.Xx Y Y x Y x Y x Y x £
CO Y y •‘■1xxXl •Sx Y X x Y Y *
X y k k k k Y k X XI X XI >1 XIY XI
* ■;y k Yx k k XI XI XI XI k •VYYY X
X X k X V >: XI X X >1YY x YYXI x
>; y x k k k ft XI X ■«I •'*1XI y.Y Y •X ;!«:
;i; x k k k X XI X Y x ;Y ;!*:
X •JjCYk k X XI X XI XI -VXI XI k Y;Yx k k k k k XI ■I*! •» X Y ;YYX
v H k X X k k k Y xXYX X X
•V
TABLE 5.7.1
10.00 m
Number
oF
joints
Number
oF
members
Height
mra
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T 1B2.00 CHS 0 21.30* 3.20
BStructure 32B1 12B00 750 P =-10.000 1B2.00 CHS 0 21.30 * 3.20
W 1B2.00 CHS 0 21.30 * 3.20
T a
a
1B2.00 CHS 0 21.30 * 3.20
BRenecture1 2113 81S2 750 P =-10.000 182.00 CHS 0
21.30 * 3.20
W a 1B2.00 CHS 0 21.30x3.20
T 6)INI 1B2.00 CHS 0 21.30x3.20
BRenecture 1201 460B 750 P =-10.000 182.00 CHS 0 21.30x3.20
W 2 182.00 CHS 0 21.30x3.20
T 182.00 CHS 0 21.30x3.20
B Renecture 545 2048 750 P =-10.000 182.00 CHS 0 21.30x3.20
W 3 1B2.B0 CHS 0 21.30x3.20
T, B and W stand For top layer» bottom Layer and web members» respectively.
TABLE 5.7.2
Re
ne
ctu
re Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Ymra zmm
8250.0 9750.0 0.0 956 0.839 0.800 4.88
h 8250.0 8750.0 0.0 945 0.841 0.800 5.13c
o
OjZJ\ 7250.0 9750.0 0.0 925 0.841 0.800 5.13
cJ 6750.0 7250.0 0.0 867 0.845 0.800 5.63
uCD E 2750.0 8750.0 0.0 740 0.858 0.800 7.25
f  1 3 5750.0 4250.0 0.0 71B 0.854 0.800 6.75
OJ ■.>o 5750.0 2750.0 0.0 647 0.861 0.800 7.62a ca 750.0 7250.0 0.0 616 0.871 0.800 8.88
750.0 3250.0 0.0 375 0.8B4 0.800 10.50
250.0 0.0 750.0 1000 1000 0.843 0.800 5.38
9750.0 10000.0 750.0 707 707 0.873 0.800 9.13 *
t_ 10000.0 9250.0 750.0 458 45B 0.753 0.800 -5.88
m 9750.0 8500.0 750.0 451 451 0.793 0.800 -0.BB
3 9250.0 8500.0 750.0 419 419 0.801 0.800 0.13
Cl 8000.0 9750.0 750.0 405 405 0.795 0.800 -0.63ot— 8250.0 4000.0 750.0 313 313 0.852 0.800 6.50
500.0 9250.0 750.0 270 270 0.830 0.800 3.75
5500.0 5750.0 750.0 191 191 0.820 0.800 2.50
£■*»
OC 10000.0 9750.0 0.0 999 880 0.840 0.800 5.00
L. 6500.0 250.0 0.0 694 611 0.867 0.800 8.38tb 8250.0 10000.0 0.0 500 440 0.777 0.800 -2.88
Oi
a 8000.0 2250.0 0.0 488 412 0.800 0.800 0.00
u E 7250.0 9000.0 0.0 404 356 0.7B7 0.800 -1 .63
o 11 O 3250.0 7500.0 0.0 400 352 0.795 0.800 -0.62.*>Q 8500.0 8250.0 0.0 394 347 0.783 0.600 -2.12m 3750.0 4500.0 0.0 234 206 0.779 0.800 -2.62
4000.0 5250.0 0.0 139 122 0.751 0.800 -6.12
9875.0 9B75.0 375.0 999 743 1.144 1 .000 14.40 *
625.0 125.0 375.0 702 522 0.857 0.800 7.13
1125.0 125.0 375.0 510 379 0.806 0.800 0.75
J3 9625.0 9625.0 375.0 444 330 0.872 1 .000 -12.80 *
a>s . 1625.0 125.0 375.0 377 280 0.787 0.800 -1 .63
2125.0 125.0 375.0 282 210 0.781 0.800 -2.37
2625.0 125.0 375.0 214 159 0.778 0.800 -2.75
3125.0 125.0 375.0 164 122 0.769 0.800 -3.87
3625.0 125.0 375.0 127 95 0.767 0.800 -4.12
WRT stands For ' with respect to ' DeFlection Factor = 0.00BB mra Force Factor = 0.0037 kN
TABLE 5.7.2 (continued)
cuc_3 Coordinates oF the point Permillage Permillage Actual Estimated Percentage
.*> WRT the WRT the Ratio Ratio Erroruaica* X Y z Layer Structure
DC. mm mra mm
8250.0 9750.0 0 .0 956 0.665 0.600 10.83
L. 8250.0 8750.0 0 .0 945 0.668 0.600 11 .33
co
aim 7250.0 9750.0 0 .0 925 0.669 0.600 11 .50
* H , 1 d 6750.0 7250.0 0 .0 867 0.675 0.600 12.50
u
OJ
CL ai
E 2750.0 8750.0 0 .0 740 0.700 0.600 16.67
O 5750.0 4250.0 0 .0 718 0.695 0.600 15.83
-«->Q 5750.0 2750.0 0 .0 647 0.707 0.600 17.83D m 750.0 7250.0 0 .0 616 0.727 0.600 21 .17
750.0 3250.0 0 .0 375 0.753 0.600 25.50
250.0 0 .0 750.0 1000 1000 0.708 0.600 18.00 +
9750.0 10000.0 750.0 707 707 0.769 0.600 28 .17  *
L. 10000.0 9250.0 750.0 458 458 0.544 0.600 -9 .3 30/
9750.0 8500.0 750.0 451 451 0.600 0.600 0 .00d 9250.0 8500.0 750.0 419 419 0.603 0 .600 0 .50
CL 8000.0 9750.0 750.0 405 405 0.597 0.600 -0 .5 0
O* - 8250.0 4000.0 750.0 313 313 0.699 0.600 16.50
500.0 9250.0 750.0 270 270 0.653 0.600 8.83
N 5500.0 5750.0 750.0 191 191 0.646 0.600 7 .6 7
t>-
10000.0 9750.0 0 .0 999 B80 0.670 0.600 11.66 .
OC C 6500.0 250.0 0 .0 694 611 0.721 0.600 20 .17
cd 8250.0 10000.0 0 .0 500 440 0.557 0.600 -7 .1 7
Oj
0 8000.0 2250.0 0 .0 468 412 0.608 0 .6 00 1.33
U 7250.0 9000.0 0 .0 404 356 0.569 0.600 -5 .1 7
o
LL
g
•P0
3250.0
8500.0
7500.0
8250.0
0 .0
0 .0
400
394
352
347
0.593
0.569
0.600
0.600
-1 .1 7  
-5 .1 7
GQ 3750.0 4500.0 0 .0 234 206 0.566 0.600 -5 .6 7
4000.0 5250.0 0 .0 139 122 0.518 0.600 -1 3 .6 7
9875.0 9875.0 375.0 999 743 1.323 1 .000 32 .30  *
625.0 125.0 375.0 702 522 0.777 0.600 29 .50
1125.0 125.0 375.0 510 379 0.675 0.600 12.50
n 9625.0 9625.0 375.0 444 330 0.775 1.000 -2 2 .5 0
CD 1625.0 125.0 375.0 377 280 0.625 0.600 4 .17
2125.0 125.0 375.0 282 210 0.596 0.600 -0 .6 7
2625.0 125.0 375.0 214 159 0.583 0.600 -2 .8 3
3125.0 125.0 375.0 164 122 0.564 0 .600 - 6 .00
3625.0 125.0 375.0 127 95 0.564 0.600 - 6 .00
8250.0 9750.0 0 .0 956 0.473 0.400 18.25
L. 8250.0 8750.0 0 .0 945 0.479 0.400 19.75
co % 7250.0 9750.0 0 .0 925 0.478 0.400 19.50
• H
"t5
CD
d 6750.0 7250.0 0 .0 867 0.489 0.400 22 .25
E 2750.0 8750.0 0 .0 740 0.522 0.400 30.50
t i l
OjQ
O
*•> 5750.0 4250.0 0 .0 718 0.513 0.400 28.25
O 5750.0 2750.0 0 .0 647 0.530 0.400 32 .50CD 750.0 7250.0 0 .0 616 0.560 0.400 40.00
750.0 3250.0 0 .0 375 0.591 0.400 47 .75
250.0 0 .0 750.0 1000 100B 0.604 0.400 51 .00  t
9750.0 10000.0 750.0 707 707 0.706 0.400 76 .50  *
L.
CD 10000.0 9250.0 750.0 458 45B 0.467 0.400 16.75
9750.0 8500.0 750.0 451 451 0.419 0.400 4 .7 5
9250.0 8500.0 750.0 419 419 0.403 0.400 0 .7 5
CL 8000.0 9750.0 750.0 405 405 0.411 0.400 2 .7 5
O
H 8250.0 4000.0 750.0 313 313 0.523 0.400 30 .75
500.0 9250.0 750.0 270 270 0.4B0 0.400 20 .00
CO 5500.0 5750.0 750.0 191 191 0.470 0.400 17.50
10000.0 9750.0 0 .0 999 880 0.486 0.400 21 .50oc.
C 9500.0 250.0 0 .0 694 611 0.548 0.400 37 .00
CD
rr> B250.0 10000.0 0 .0 500 440 0.347 0.400 -1 3 .2 5
a» d 8000.0 2250.0 0 .0 468 412 0.423 0.400 5 .7 5
u E 7250.0 9000.0 0 .0 404 356 0.362 0.400 -9 .5 0
£ O 3250.0 7500.0 0 .0 400 352 0.399 0.400 -0 .2 5
O 8500.0 8250.0 0 .0 394 347 0.360 0.400 - 10.00
m 3750.0 4500.0 0 .0 234 206 0.366 0.400 -8 .5 0
4000.0 5250.0 0 .0 139 122 0.316 0.400 -21 .00
9875.0 9B75.0 375.0 999 743 1.567 1 .000 5 6 .70  #
625.0 125.0 375.0 702 522 0.724 0.400 81 .00
1125.0 125.0 375.0 510 379 0.600 0.400 50 .00
n 9625.0 9625.0 375.0 444 330 0.706 1 .000 -2 9 .4 0  *
CD 1625.0 125.0 375.0 377 280 0.516 0.400 29.00
2125.0 125.0 375.0 282 210 0.458 0.400 14.50
2625.0 125.0 375.0 214 159 0.426 0.400 6 .5 0
3125.0 125.0 375.0 164 122 0.397 0.400 -0 .7 5
3625.0 125.0 375.0 127 95 0.375 0.400 -6 .2 5
WRT stands For ' with respect t o '  DeFlection Factor = 0.00BB mra Force Factor = 0.0037 kN
CASE 8 ! RooF oF a workshop
Supports: The indicated top Layer joints 
are Fully restrained For translation.
Loading: Point Load P applied at the
indicated top layer joint.
V
TABLE 5.8.1
Number Number Height Load E A Section
oF
joints
oF
members mra kN kN/mm ^ mm^
Dimensions
mm
T 182.00 CHS 0 21.30x3.20
B Structure 841 3200 750 P =-10.000 182.00 CHS 0 21.30x3.20
W 182.00 CHS 0 21.30x3.20
T
Renecture
1
a
c>
182.00 CHS 0 21.30x3.20
B 515 2018 750 P =-10.000 182.00 CHS 0 21.30x3.20
W Q 182.00 CHS 0 21.30*3.20
T
Renecture
2
s
CM 182.00 CHS 0 21.30x3.20
B 313 1152 750 P =-10.000 182.00 CHS 0 21.30x3.20
W 182.00 CHS 0 21.30x3.20
T
Renecture
3
182.00 CHS 0 21.30x3.20
B 145 512 750 P =-10.000 182.00 CHS 0 21.30x3.20
V 182.00 CHS 0 21.30 3.20
Ti B and W stand For top layerj bottom Layer and web membersf respectively.
TABLE 5.8.2
Re
ne
ct
ur
e Coordinates oF the point PermitLage 
WRT the 
Layer
PermitLage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
ErrorX
| rmra
z
mm
9500.0 1500.0 0 .0 959 0.849 0.800 6 .1 3
c. 1500.0 10500.0 0 .0 923 0.849 0.800 6 .1 3
co
Q;ZP 8500.0 5500.0 0 .0 897 0.841 0.800 5 .1 3d 4500.0 2500.0 0 .0 870 0.847 0.800 5 .8 8
u E 12500.0 1500.0 0 .0 799 0.853 0.800 6 .6 3
£ 3 7500.0 10500.0 0 .0 724 0.843 0.800 5 .3 8
OJ m->o 10500.0 10500.0 0 .0 594 0.845 0.800 5 .6 3Q CD 16500.0 4500.0 0 .0 393 0.868 0.800 8.50
17500.0 14500.0 0 .0 15B 0.930 0.800 16.25
0 .0 19500.0 750.0 1000 1000 0.911 0.800 13.88 t
500.0 0 .0 750.0 854 B54 0.917 0.800 14.63 t
L. 0 .0 18500.0 750.0 675 675 0.857 0.800 7 .1 3
(U
5500.0 5000.0 750.0 478 478 0.897 0.800 12.13d 6500.0 0 .0 750.0 440 440 0.866 0.800 8 .2 5
CL 2000.0 6500.0 750.0 426 426 0.888 0.800 11 .00O
* - 3000.0 8500.0 750.0 300 300 0.890 0.800 11 .25
6500.0 7000.0 750.0 207 207 0.849 0.800 6 .1 3
20000.0 3500.0 750.0 123 123 0.896 0.800 12.00
CD 7000.0 500.0 0 .0 999 B9B 0.837 0.800 4 .6 3oc
L. 500.0 4000.0 0 .0 911 819 0.854 0.800 6 .7 5
CU
m 11000.0 500.0 0 .0 792 711 0.831 0.800 3.88
Oj
tj 2500.0 7000.0 0 .0 709 637 0.811 0.600 1 .38
U E 9000.0 2500.0 0 .0 606 544 0.805 0.800 0 .6 2
b  11 O•«-> 2500.0 12000.0 0 .0 441 396 0.800 0.800 0 .00
o 7500.0 4000.0 0 .0 227 204 0.755 0.800 -5 .6 2m 5500.0 11000.0 0 .0 197 177 0.762 0.800 -4 .7 5
11000.0 7500.0 0 .0 110 9B 0.711 0.800 -11 .12
250.0 250.0 375.0 1000 B90 0.960 1 .000 -4 .0 0
250.0 , 1250.0 375.0 625 557 0.877 0.800 9 .6 3
5250.0 4750.0 375.0 453 403 1.114 1 .000 11.40 f
1250.0 1250.0 375.0 425 378 0.BB3 0.800 0 .3 8
QJ
2 * 3250.0 250.0 375.0 229 204 0.7B9 0.800 -1 .37
250.0 17250.0 375.0 213 189 0.866 0.800 8 .2 5
1250.0 19250.0 375.0 130 115 0.714 0.800 -1 0 .7 5
250.0 14250.0 375.0 112 99 0.819 0.800 2 .3 8
WRT stands For ' with respect t o ' DeFlection Factor = 0.01B2 mra Force Factor = 0.00BB kN
TABLE 5.8.2 (continued)
R
en
ec
tu
re Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A c tu a l
R a tio
E s tim ated
R a tio
P ercen tag e
E rro r
X
mm
Y
mm
z
mm
7500.0 500.0 0 .0 971 0.681 0.600 13.50
c_ 4500.0 4500.0 0 .0 964 0.672 0.600 12.00
c
o
QJ
3 1 3500.0 9500.0 0 .0 910 0.674 0.600 12.33
♦H a 1500.0 11500.0 0 .0 B5B 0.685 0.600 14.17
u
Qj E 10500.0 13500.0 0 .0 44B 0.692 0.600 15.33□
.*> 16500.0 1500.0 0 .0 414 0.707 0.600 17.83
-♦J
O 16500.0 3500.0 0 .0 403 0.713 0.600 18.83□ m 16500.0 9500.0 0 .0 317 0.737 0.600 22 .83
9500.0 17500.0 0 .0 260 0.773 0.600 2B.83
19500.0 0 .0 750.0 999 999 0.826 0.600 37 .67  i
500.0 0 .0 750.0 854 854 0.863 0.600 43 .83  t
0 .0 18500.0 750.0 675 675 0.734 0.600 22 .33s. 5500.0 4000.0 750.0 463 463 0.777 0.600 29 .50
a  
— * 2000.0 6500.0 750.0 426 426 0.751 0.600 25 .17
CL 2000.0 5500.0 750.0 423 423 0.744 0.600 24.00
O
H - 4500.0 1000.0 750.0 366 366 0.791 0.600 31 .83
4000.0 6500.0 750.0 356 356 0.6B2 0.600 13.67
O J 4000.0 10500.0 750.0 169 169 0.823 0.600 37 .17
CO
500.0 8000.0 0 .0 977 B7B 0.652 0.600 8.67
o t
C- 500.0 4000.0 0 .0 911 819 0.690 0.600 15.00
a i
3 > 6000.0 1500.0 0 .0 848 762 0.634 0.600 5.67
Qj
a
_ j 12000.0 1500.0 0 .0 574 516 0.630 0.600 5 .00
U E 3500.0 8000.0 0 .0 511 459 0.595 0.600 -0 .8 3
O O 14000.0 1500.0 0 .0 434 390 0.622 0.600 3.67
U " ■*1O 7000.0 7500.0 0 .0 239 214 0.531 0.600 -1 1 .5 0m 2000.0 3500.0 0 .0 214 192 0.538 0.600 -1 0 .3 3
19000.0 500.0 0 .0 140 126 0.534 0.600 - I t  .00
250.0 250.0 375.0 1000 890 0.912 1.000 -8 .8 0
1250.0 250.0 375.0 625 557 0.774 0.600 29 .00
5250.0 4750.0 375.0 453 403 1.245 1 .000 24 .50
n 1250.0 1250.0 375.0 425 378 0.668 0.600 11 .33
tu 250.0 19250.0 375.0 376 334 0.978 1.000 -2 .2 0
2250.0 2250.0 375.0 273 24B 0.686 0.600 14.33
19250.0 1250.0 375.0 130 115 0.563 0.600 -6 .1 7
5250.0 2250.0 375.0 110 98 0.593 0.600 -1 .17
7500.0 500.0 0 .0 971 0.496 0.400 24.00
l_ 4500.0 4500.0 0 .0 964 0.480 0.400 20.00
co & 3500.0 9500.0 0 .0 910 0.479 0.400 19.75
4 J
d
mmJ 1500.0 11500.0 0 .0 B6B 0.491 0.400 22 .75
u
Qj E 10500.0 13500.0 0 .0 448 0.504 0.400 26.00
f t
□ >6500.0 1500.0 0 .0 414 0.519 0.400 29 .75
QJ
Q
* >□ 16500.0 3500.0 0 .0 403 0.528 0.400 32.00
0Q 16500.0 9500.0 0 .0 317 0.567 0.400 41 .75
9500.0 17500.0 0 .0 260 0.624 0.400 56.00
19500.0 0 .0 750.0 999 999 0.739 0.400 84 .75  t
500.0 0 .0 750.0 854 854 0.887 0.400 121.75 tL. 0 .0 18500.0 750.0 675 675 0.622 0.400 55 .50
5500.0 4000.0 750.0 463 463 0.683 0.400 70 .75
.2 2000.0 6500.0 750.0 426 426 0.588 0.400 47 .00
0. 2000.0 5500.0 750.0 423 423 0.629 0.400 57 .25
OH- 4500.0 1000.0 750.0 366 366 0.700 0.400 75 .00
4000.0 6500.0 750.0 356 356 0.516 0.400 29.00
CO 4000.0 10500.0 750.0 169 169 0.691 0.400 72 .75
CO 500.0 8000.0 0 .0 977 878 0.451 0.400 12.75oc L 500.0 4000.0 0 .0 911 819 0.507 0.400 26 .75
Qj31 6000.0 1500.0 0 .0 848 762 0.436 0.400 9.00
QJ
cJ 12000.0 1500.0 0 .0 574 516 0.433 0.400 8 .2 5
U
£_ E 3500.0 8000.0 0 .0 511 459 0.398 0.400 -0 .5 0£ O 14000.0 1500.0 0 .0 434 390 0.428 0.400 7 .0 0
O 7000.0 7500.0 0 .0 239 214 0.334 0.400 -1 6 .5 0m 2000.0 3500.0 0 .0 214 192 0.383 0.400 -4 .2 5
19000.0 500.0 0 .0 140 126 0.329 0.400 -1 7 .7 5
250.0 250.0 375.0 1000 B90 0.849 1 .000 -1 5 .1 0
1250.0 250.0 375.0 625 557 0.670 0.400 67 .50
5250.0 4750.0 375.0 453 403 1.403 1 .000 40 .30
X I 1250.0 1250.0 375.0 425 378 0.553 0.400 38 .25
Qj
; * 250.0 19250.0 375.0 376 334 1.002 1 .000 0 .20
2250.0 2250.0 375.0 273 248 0.535 0.400 33 .75
19250.0 1250.0 375.0 130 115 0.474 0.400 18.50
5250.0 2250.0 375.0 110 98 0.426 0.400 6 .5 0
WRT stands For 'w ith  respect to  ' DeFlection Factor = 0.01B2 mm Force Factor = 0.00BB kN
CASE 9 ! RooF oF a workshop
Supports: The indicated top Layer jo ints
are constrained as Follows: 
ffl Complete translational constraints 
0  Vertical constraint 
(5 Constraints in Y-and Z-directions
Loading: Point load P applied at the
indicated top layer jo in t.
TABLE 5 . 9 .1
/-Load P
20.00
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN'mm^
A
mm
Section
Dimensions
mm
T 182.00 CHS 0 21.30x3.20
B Structure 841 3200 750 p =-10.000 182.00 CHS 0 21.30x3.20
V 182.00 CHS 0 21.30x3.20
T
Renecture
1
8
s
182.00 CHS 0 21.30x3.20
B 545 2048 750 P =-10.000 182.00 CHS 0 21.30x3.20
V 8 182.00 CHS 0 21.30x 3.20
T
Renecture
s
N 182.00 CHS 0 21.30x3.20
B 313 1152 750 p =-10.000 182.00 CHS 0 21.30x3.20
V 2 182.00 CHS 0 21.30X3.20
T
Renecture
3
182.00 CHS 0 21.30x3.20
B 145 512 750 P =-10.000 1B2.00 CHS 0 21.30X3.20
V 182.00 CHS 0 21.30x3.20
T, B and W stand Par top Layer, bottom Layer and web membersi respectively.
TABLE 5 . 9 . 2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
VRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
4500.0 4500.0 0.0 914 0.B1B 0.800 2.25
3500.0 3500.0 0.0 885 0.818 0.800 2.25
co
0)
an 1500.0 11500.0 0.0 875 0.820 0.800 2.50
• H t j 10500.0 13500.0 0.0 479 0.818 0.800 2.25
u
Qj E 16500.0 3500.0 0.0 460 0.822 0.800 2.75
f 1
O 8500.0 15500.0 0.0 449 0.820 0.800 2.50
Oi o 16500.0 9500.0 0.0 3BB 0.822 0.800 2.75
Q m 9500.0 17500.0 0.0 349 0.825 0.800 3.13
15500.0 18500.0 0.0 194 0.829 0.800 3.63
4500.0 1000.0 750.0 834 754 0.836 0.800 4.50
2000.0 6500.0 750.0 767 690 0.839 0.800 4.88
L. 2000.0 5500.0 750.0 761 6B4 0.833 0.800 4.12
O' 1000.0 10500.0 750.0 675 607 0.826 0.800 3.25d
3000.0 7500.0 750.0 603 542 0.835 0.800 4.38
a. 4000.0 6500.0 750.0 528 474 0.817 0.800 2.13o
t— 4000.0 10500.0 750.0 337 303 0.831 0.800 3.88
1500.0 19000.0 750.0 108 97 0.828 0.800 3.50
17000.0 8500.0 750.0 102 92 0.826 0.B00 3.25
m
500.0 8000.0 0.0 934 934 0.813 0.800 1.63oz L. 6000.0 1500.0 0.0 854 854 0.811 0.800 1 .38
QJ 1500.0 7000.0 0.0 837 B37 0.812 0.800 1 .50
Oi
d 12000.0 1500.0 0.0 548 54B 0.807 0.800 0.88
U E 3500.0 8000.0 0.0 505 505 0.799 0.800 -0.12
o 11 □ 14000.0 1500.0 0.0 428 42B 0.809 0.800 1 .13
O 19000.0 500.0 0.0 194 194 0.926 0.800 15.75CD 7000.0 7500.0 0.0 171 171 0.771 0.800 -3.62
18500.0 3000.0 0.0 158 15B 0.823 0.800 2.88
250.0 250.0 375.0 1000 892 0.936 1 .000 -6.40 *
4750.0 4750.0 375.0 505 450 1.105 1 .000 10.50 *
5250.0 4750.0 375.0 443 395 1.137 1 .000 13.70 iK
n 1250.0 1250.0 375.0 407 363 0.966 0.800 20.75
ai 4250.0 4250.0 375.0 271 241 1.049 1 .000 4.90
2250.0 2250.0 375.0 265 236 0.869 0.600 8.63
5250.0 4250.0 375.0 193 172 1.487 1.000 48.70 *
250.0 19250.0 375.0 126 112 0.865 1 .000 -13.50
5250.0 5750.0 375.0 123 110 2.877 1.000 187.70 *
VRT stands For 'w ith  respect to '  DeFlection Factor = 0.0247 mm Force Factor = 0.00B7 kN
TABLE 5.9.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point PermiLlage 
VRT the 
Layer
PermitLage 
VRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
i
x Y
mm
z
mm
4500.0 4500.0 0 .0 914 0.633 0.600 5 .50
3500.0 9500.0 0 .0 885 0.632 0.600 5 .3 3
C
o
Q>
31 1500.0 11500.0 0 .0 B75 0.637 0.600 6.17
• H 
hJ
E5 10500.0 13500.0 0 .0 479 0.633 0.600 5 .50
u
Qi 6 1G500.0 3500.0 0 .0 460 0.640 0.600 6 .67
—j
Cl.
O 8500.0 15500.0 0 .0 449 0.638 0.600 6 .33
QJ o 16500.0 9500.0 0 .0 388 0.642 0.600 7 .0 0
0 m 9500.0 17500.0 0 .0 349 0.647 0.600 7 .8 3
15500.0 18500.0 0 .0 194 0.656 0.600 9 .3 3
0 .0 5500.0 750.0 997 B96 0.660 0.600 10.00
4500.0 1000.0 750.0 838 754 0.673 0.600 12.17
( . 0 .0 1500.0 750.0 804 723 0.794 0.600 32 .33
31 2000.0 5500.0 750.0 761 684 0.673 0.600 12.17
Cd 3000.0 7500.0 750.0 603 542 0.666 0.600 I t  .00
CL 4000.0 6500.0 750.0 528 474 0.636 0.600 6 .00
O
H— 4000.0 10500.0 750.0 337 303 0.662 0.600 10.33
1500.0 19000.0 750.0 108 97 0.635 0.600 5 .83
CM 17000.0 8500.0 750.0 102 92 0.655 0.600 9 .1 7
CO
500.0 8000.0 0 .0 934 934 0.619 0.600 3 .17
Q£
i - 6000.0 1500.0 0 .0 854 854 0.619 0.600 3 .1 7
Oj
31 1500.0 7000.0 0 .0 837 B37 0.616 0.600 2 .67
O l
d 12000.0 1500.0 0 .0 548 548 0.612 0.600 2 .00
\i e 3500.0 8000.0 0 .0 505 505 0.603 0.600 0 .50
o  11
o 14000.0 1500.0 0 .0 428 428 0.615 0.600 2 .5 0
•6 19000.0 500.0 0 .0 194 194 0.849 0.600 41 .50
CD 7000.0 7500.0 0 .0 171 171 0.549 0.600 -8 .5 0
18500.0 3000.0 0 .0 158 15B 0.640 0.600 6 .6 7
250.0 250.0 375.0 1000 892 0.875 1.000 - 1 2 . 5 0 *
4750.0 4750.0 375.0 505 450 1.219 1.000 2 1 . 9 0 *
5250.0 4750.0 375.0 443 395 1.301 1.000 30 .10  #
JD 1250.0 1250.0 375.0 407 363 0.784 0.600 30 .67
Oi56 4250.0 4250.0 375.0 271 241 1.170 1 .000 17.00
2250.0 2250.0 375.0 265 236 0.667 0.600 11 .17
5250.0 4250.0 375.0 193 172 2.437 1 .000 143.70 *
250.0 19250.0 375.0 126 112 0.742 1 .000 -2 5 .8 0
5250.0 5750.0 375.0 123 110 3.860 1 .000 286.00 IK
4500.0 4500.0 0 .0 914 0.442 0.400 10.50
t- 3500.0 9500.0 0 .0 B85 0.440 0.400 10.00
c
o
Qi 1500.0 11500.0 0 .0 875 0.444 0.400 11 .00
• H d 10500.0 13500.0 0 .0 479 0.442 0.400 10.50
u
<u E 16500.0 3500.0 0 .0 460 0.451 0.400 12.75
f  1
O 8500.0 15500.0 0 .0 449 0.449 0.400 12.25
a»Q o 16500.0 9500.0 0 .0 388 0.457 0.400 14.25
CD 9500.0 17500.0 0 .0 349 0.465 0.400 16.25
15500.0 18500.0 0 .0 194 0.4B2 0.400 20 .50
0 .0 5500.0 750.0 997 896 0.496 0.400 24 .00
4500.0 1000.0 750.0 838 754 0.512 0.400 28 .00
c. 0 .0 1500.0 750.0 804 723 0.630 0.400 57 .50
? 2000.0 5500.0 750.0 761 684 0.524 0.400 31 .00
—J 3000.0 7500.0 750.0 603 542 0.495 0.400 23 .75
D . 4000.0 6500.0 750.0 528 474 0.462 0.400 15.50
O
h — 4000.0 10500.0 750.0 337 303 0.491 0.400 22 .75
1500.0 19000.0 750.0 108 97 0.416 0.400 4 .0 0
CO 17000.0 8500.0 750.0 102 92 0.474 0.400 18.50
GO 500.0 8000.0 0 .0 934 934 0.421 0.400 5 .2 5
Q£
C. 6000.0 1500.0 0 .0 854 854 0.423 0.400 5 .7 5
Qi 1500.0 7000.0 0 .0 837 837 0.423 0.400 5 .7 5
Oi
d 12000.0 1500.0 0 .0 548 548 0.415 0.400 3 .7 5
U
t . E 3500.0 8000.0 0 .0 505 505 0.406 0.400 1 .50
£ D 14000.0 1500.0 0 .0 428 42B 0.418 0.400 4 .5 0
O 19000.0 500.0 0 .0 194 194 0.746 0.400 86.50
m 7000.0 7500.0 0 .0 171 171 0.334 0.400 -1 6 .5 0
18500.0 3000.0 0 .0 158 15B 0.491 0.400 22 .75
250.0 250.0 375.0 1000 B92 0.814 1 .000 -1 8 .6 0  4
4750.0 4750.0 375.0 505 450 1.308 1 .000 30 .80  4?
5250.0 4750.0 375.0 443 395 1.498 1 .000 49 .80  %
JQ 1250.0 1250.0 375.0 407 363 0.580 0.400 45 .00
Qi 4250.0 4250.0 375.0 271 241 1.403 1 .000 40 .30
2250.0 2250.0 375.0 265 236 0.589 0.400 47 .25
5250.0 4250.0 375.0 193 172 4.3B5 1 .000 338.50 *
250.0 19250.0 375.0 126 112 0.612 1 .000 -3 8 .8 0
5250.0 5750.0 375.0 123 110 1.225 1 .000 22 .50
VRT stands For 'w ith  respect t o '  DeFlection Factor = 0.0217 mm Force Factor = 0.00B7 kN
CASE 10! RooF oF a sports hall
Supports: The indicated top Layer joints 
are Fully restrained For translation.
Loading: UDL load consisting oF:
Unsymmetric snow load = 0.75 kN/m^
The load is applied at the top layer 
joints within the shaded area.
TABLE 5.10.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm^
A
mm^
Section
Dimensions
mm
T 3210.00 CHS 0 1G8.30x-B.30
B Structure 841 3200 2000 P = -3.000 2570.00 CHS 0 168.30*5.00
V 2570.00 CHS 0 168.30X5.00
T
Renecture
3210.00 CHS 0 168.30* 6.30
B 545 2048 2000 P = -4.529 a
Q
2570.00 CHS 0 168.30x5.00
W 1 2570.00 CHS 0 168.30 * 5.00
T
Renecture
61
a 3210.00 CHS 0 168.30 * 6.30
B 313 1152 2000 P = -7.815 N 2570.00 CHS 0 168.30 * 5.00
V 2 2570.00 CHS 0 168.30x5.00
T
Renecture
3210.00 CHS 0 168.30 x 6.30
B 145 512 2000 P *=-15.400 2570.00 CHS 0 168.30 X 5.00
W 3 2570.00 CHS 0 168.30X5.00
T, B and W stand Fop top Layer, bottom layer and web members, respectively.
TABLE 5.10.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
17000.0 21000.0 0.0 994 0.852 0.800 6.50
L. 13000.0 21000.0 0.0 956 0.854 0.800 6.75
C
o
Qi 21000.0 17000.0 0.0 908 0.853 0.800 6.63
• H
-P
d 21000.0 27000.0 0.0 B07 0.854 0.800 6.75
u
Qi B 9000.0 9000.0 0.0 632 0.853 0.800 6.63
ft  _
O
P 19000.0 35000.0 0.0 423 0.866 0.800 8.25
Qi •Po 3000.0 23000.0 0.0 386 0.865 0.800 8.13O CD 33000.0 19000.0 0.0 371 0.866 0.800 8.25
33000.0 7000.0 0.0 206 0.873 0.800 9.13
39000.0 20000.0 2000.0 1000 871 0.875 0.800 9.38
20000.0 1000.0 2000.0 768 669 0.861 0.800 7.62
L. 2000.0 21000.0 2000.0 557 486 0.964 0.800 20.50 +
1000.0 20000.0 2000.0 527 459 0.839 0.800 4.88cd
mmJ 35000.0 20000.0 2000.0 407 355 0.795 0.800 -0.62
Q - 20000.0 19000.0 2000.0 250 218 0.819 0.800 2.38
O
H- 20000.0 25000.0 2000.0 217 189 0.823 0.800 2.88
— 8000.0 13000.0 2000.0 132 115 0.972 0.800 21 .50
CS3 34000.0 17000.0 2000.0 126 110 0.873 0.800 9.13
1000.0 20000.0 0.0 1000 900 0.892 0.800 11.50 +
DC L- 6000.0 21000.0 0.0 656 590 0.895 0.800 11 .88
OiZfl 4000.0 21000.0 0.0 619 557 0.952 0.800 19.00
Oi
id 20000.0 21000.0 0.0 476 42B 0.839 0.800 4.88
U
C- B 14000.0 27000.0 0.0 415 373 0.822 0.800 2.75
o  
11
O
- P 27000.0 24000.0 0.0 296 266 0.828 0.800 3.50
P
o 31000.0 20000.0 0.0 187 168 0.871 0.800 8.88ca 31000.0 12000.0 0.0 168 151 0.827 0.800 3.38
4000.0 35000.0 0.0 138 125 0.704 0.800 -12.00
500.0 19500.0 1000.0 1000 1000 1.060 1 .000 6.00
500.0 500.0 1000.0 711 711 0.951 1 .000 -4.90
500.0 18500.0 1000.0 483 483 1.677 1.000 67.70 *
n 500.0 22500.0 1000.0 456 456 0.754 0.800 -5.75
Qi
2 m 20500.0 500.0 1000.0 441 441 1.136 1.000 13.60
500.0 38500.0 1000.0 317 317 0.904 1.000 -9.60
2500.0 22500.0 1000.0 309 309 0.848 0.800 6.00
12500.0 500.0 1000.0 126 126 0.792 0.800 -1 .00
4500.0 4500.0 1000.0 104 104 0.861 0.800 7.62
WRT stands For '  with respect to ' DeFlection Factor = 0.0153 mm Force Factor = 0.1358 kN
TABLE 5.10.2 (continued)
R
en
ec
tu
re Coordinates oF the point Perm itLage  
VRT th e  
Layer
PermiLLage 
WRT th e  
S tru c tu re
A c tu a l
R a tio
E stim ated
R a tio
P ercen tag e
E rro r
X
mm
Y
mm
z
mm
19000.0 19000.0 0 .0 973 0.695 0.600 15.83
19000.0 17000.0 0 .0 952 0.697 0.600 16.17
co
a>=n 19000.0 25000.0 0 .0 911 0.692 0.600 15.33
d  
__1 23000.0 25000.0 0 .0 806 0.695 0.600 16.00
u
Of
g 9000.0 25000.0 0 .0 768 0.696 0.600 16.00
n 17000.0 5000.0 0 .0 462 0.706 0.600 17.67
a 0 2S000.0 35000.0 0 .0 310 0.714 0.600 19.00m 35000.0 15000.0 0 .0 244 0.735 0.600 22 .50
35000.0 29000.0 0 .0 206 0.742 0.600 23 .67
39000.0 20000.0 2000.0 1000 871 0.763 0.600 27 .17  4
19000.0 40000.0 2000.0 660 575 0.994 0.600 65 .67  +
i_ 2000.0 19000.0 2000.0 557 486 0.921 0.600 53 .50  +
m 1000.0 20000.0 2000.0 527 459 0.747 0.600 24 .50  f
3 35000.0 20000.0 2000.0 407 355 0.637 0.600 6.17
CL 19000.0 18000.0 2000.0 315 275 0.678 0.600 13.00□
h * 2000.0 5000.0 2000.0 240 209 1.012 0.600 68.67
CM 0 .0 11000.0 2000.0 232 203 0.781 0.600 30 .17
CO 32000.0 13000.0 2000.0 153 133 0.748 0.600 24 .67
W"m 1000.0 20000.0 0 .0 1000 900 0.789 0.600 31 .50  t
DC 8000.0 21000.0 0 .0 653 588 0.739 0.600 23 .17
a tcn 8000.0 23000.0 0 .0 500 450 0.657 0.600 9.50
a>
d 14000.0 13000.0 0 .0 415 373 0.643 0.600 7 .1 7
e 3000.0 32000.0 0 .0 413 372 0.606 0.600 1 .00
011
□ 22000.0 39000.0 0 .0 269 242 0.694 0.600 15.67
7000.0 8000.0 0 .0 176 159 0.519 0.600 -1 3 .5 0
m 3000.0 1B000.0 0 .0 157 141 0.650 0.600 8 .3 3
27000.0 6000.0 0 .0 123 110 0.595 0.600 -0 .8 3
500.0 20500.0 1000.0 999 999 1.148 1 .000 14.80
500.0 39500.0 1000.0 711 711 0.912 1.000 -8 .8 0
500.0 21500.0 1000.0 483 483 6.326 1 .000 532.60 *
, n 500.0 22500.0 1000.0 456 456 0.446 0.600 -2 5 .6 7
Oi 20500.0 500.0 1000.0 441 441 1.342 1 .000 34 .20  *
2500.0 22500.0 1000.0 309 309 0.653 0.600 8 .83
500.0 2500.0 1000.0 290 290 0.608 0.600 1.33
2500.0 26500.0 1000.0 141 141 0.598 0.600 -0 .3 3
4500.0 500.0 1000.0 117 117 0.618 0.600 3.00
17000.0 21000.0 0 .0 994 0.52B 0.400 32 .00
13000.0 21000.0 0 .0 956 0.529 0.400 32 .25
c
0 & 21000.0 17000.0 0 .0 908 0.531 0.400 32 .75cS 21000.0 27000.0 0 .0 807 0.534 0.400 33 .50
u
Qi E 9000.0 9000.0 0 .0 632 0.514 0.400 28 .50
f t
O 19000.0 35000.0 0 .0 423 0.544 0.400 36 .00
Oi O 3000.0 23000.0 0 .0 386 0.533 0.400 33 .25□ CD 33000.0 19000.0 0 .0 371 0.576 0.400 44 .00
33000.0 7000.0 0 .0 206 0.577 0.400 44 .25
39000.0 20000.0 2000.0 1000 871 0.661 0.400 65 .25  t
20000.0 1000.0 2000.0 768 669 0.703 0.400 7 5 .75  t
L. 2000.0 21000.0 2000.0 557 486 0.931 0.400 132.75 t
1000.0 20000.0 2000.0 527 459 0.804 0.400 101.00 td
35000.0 20000.0 2000.0 407 355 0.439 0.400 9 .7 5
Q- 20000.0 19000.0 2000.0 250 21B 0.519 0.400 29 .750
h - 20000.0 25000.0 2000.0 217 189 0.531 0.400 32 .75
CO 8000.0 13000.0 2000.0 132 115 1.513 0.400 278.25
CO 34000.0 17000.0 2000.0 126 110 0.621 0.400 55 .25
1000.0 20000.0 0 .0 1000 900 0.704 0.400 76 .00  +oc
t - 6000.0 21000.0 0 .0 656 590 0.693 0.400 73 .25
Oi
IT» 4000.0 21000.0 0 .0 619 557 0.724 0.400 81 .00
Qi
O 20000.0 21000.0 0 .0 476 428 0.496 0.400 24 .00U E 14000.0 27000.0 0 .0 415 373 0.480 0.400 20 .00
£ O 27000.0 24000.0. 0 .0 296 266 0.490 0.400 22 .50
O 31000.0 20000.0 0 .0 187 168 0.587 0.400 46 .75m 31000.0 12000.0 0 .0 168 151 0.4B8 0.400 22 .00
4000.0 35000.0 0 .0 138 125 0.242 0.400 -3 9 .5 0
500.0 19500.0 1000.0 1000 1000 1.299 1 .000 29 .90
500.0 500.0 1000.0 711 711 0.886 1.000 -1 1 .4 0
500.0 18500.0 1000.0 483 483 3.391 1 .000 239.10 *
, n 500.0 22500.0 1000.0 456 456 0.537 0 .400 34 .25
QJ 20500.0 500.0 1000.0 441 441 1.722 1 .000 72 .20  #
500.0 38500.0 1000.0 317 317 0.778 1 .000 -2 2 .2 0
2500.0 22500.0 1000.0 309 309 0.507 0.400 26 .75
12500.0 500.0 1000.0 126 126 0.429 0.400 7 .2 5
4500.0 4500.0 1000.0 104 104 0.715 0.400 78 .75
WRT stands For v with respect to / DeFlection Factor = 0.0153 mm Force Factor = 0.135B kN
CASE 11 ■ A typical Floor oF a multistorey 
building
Supports: The indicated top layer joints  
are Fully restrained For translation.
Loading: .UDL load consisting op:
Live load = 2.00 kN/m^
The load is applied at the top layer 
jo ints within the shaded area.
TABLE 5.11.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm^
A
mm^
Section
Dimensions
mm
TI 1980.00 ROD 0 50.00
BStructure 811 3200 1000 p = -2.000 1590.00 ROD 0 15.00
V 1980.00 ROD 0 50.00
T 1980.00 ROD 0 50.00
BRenecture 515 2018 1000 p = -2.900 a 1590.00 ROD 0 15.00
V 1 o 1980.00 ROD 0 50.00
T a 1960.00 ROD 0 50.00
BRenecture 313 1152 1000 p = -1.939 CM 1590.00 ROD 0 15.00
VI 2 1960.00 ROD 0 50.00
T 1960.00 ROD 0 50.00
B Renecture 115 512 1000 p = -9.GD0 1590.00 ROD 0 15.00
V 3 1960.00 ROD 0 50.00
Ti B and V stand For top layer, bottom layer and web members, respectively.
TABLE 5.11.2
20.00 m
Re
ne
ctu
re Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
VRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
Xmm Ymm
Zmm
3500.0 3500.0 0.0 989 0.883 0.800 7.88
3500.0 2500.0 0.0 9B6 0.866 0.800 8.25
CQ
QJ 1500.0 1500.0 0.0 913 0.855 0.800 6.88
CJ 7500.0 500.0 0.0 661 0.871 0.800 9.25
uQj B 1500.0 9500.0 0.0 522 0.859 0.800 7.38
( I 3 3500.0 9500.0 0.0 508 0.868 0.800 8.50
Oi o 5500.0 11500.0 0.0 269 0.053 0.800 6.63CD c a 18500.0 1500.0 0.0 116 0.899 0.800 12.38
1500.0 11500.0 0.0 111 0.019 0.800 6.13
9500.0 0.0 1000.0 1000 680 1.036 0.800 29.50 T
10000.0 9500.0 1000.0 751 513 1.012 0.800 30.25 t
c . 1000.0 10500.0 1000.0 179 326 1.110 0.800 12.50 -f
Cn 1500.0 1000.0 1000.0 186 317 0.981 0.800 22.62
C5
3500.0 1000.0 1000.0 153 308 1.026 0.800 28.50
CL 0.0 1500.0 1000.0 150 306 0.870 0.000 8.75
O
h - 2000.0 5500.0 1000.0 313 233 0.991 0.800 23.88
3000.0 13500.0 1000.0 220 119 0.892 0.800 11 .50
j: 1000.0 6500.0 1000.0 159 108 1.002 0.800 25.25
3000.0 500.0 0.0 973 761 0.872 0.800 9.00
Q£
L . 3000.0 1500.0 0.0 561 111 0.789 0.800 -1 .37
CU
c n 8000.0 1500.0 0.0 552 131 0.793 0.800 -0.87
a i
ci 1000.0 9500.0 0.0 157 357 0.858 0.800 7.25
u G 500.0 11000.0 0.0 153 351 0.823 0.800 2.88
£
O 3000.0 10500.0 0.0 150 352 0.895 0.800 11 .88
o 2000.0 10500.0 0.0 126 333 0.952 0.000 19.00
CD 10000.0 10500.0 0.0 382 299 0.916 0.800 18.25
7000.0 7500.0 0.0 191 151 0.788 0.800 -1 .50
250.0 250.0 500.0 ■ 1000 1000 0.950 1 .000 -5.00
250.0 9750.0 500.0 858 858 1.013 1 .000 1 .30
9750.0 9750.0 500.0 895 895 1.090 1 .000 9.00
,n 9250.0 250.0 500.0 502 502 1.250 1 .000 25.00
QJ 250.0 750.0 500.0 170 170 0.902 1 .000 -9.80
250.0 8750.0 500.0 161 161 0.795 0.800 -0.62
10250.0 250.0 500.0 121 121 1.167 1 .000 16.70
6250.0 250.0 500.0 151 151 0.819 0.800 2.38
2250.0 2250.0 500.0 111 111 0.831 0.800 3.88
VRT stands For 'w ith  respect t o ' DeFlection Factor = 0.0025 mm Force Factor = 0.059B kN
TABLE 5.11.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
i
x Y
mm
z
mm
3500.0 3500.0 0.0 989 0.701 0.600 16.83
L. 3500.0 2500.0 0.0 986 0.703 0.600 17.17Co QJ3N 4500.0 4500.0 0.0 943 0.693 0.600 15.50• H 
•«->
d 7500.0 500.0 0.0 661 0.695 0.600 15.83u
Qj 4500.0 9500.0 0.0 522 0.703 0.600 17.17
rt
i 3500.0 9500.0 0.0 508 0.713 0.600 18.83
QJ o 5500.0 11500.0 0.0 269 0.689 0.600 14.83a m 18500.0 4500.0 0.0 116 0.795 0.600 32.50
1500.0 11500.0 0.0 111 0.686 0.600 14.33
9500.0 0.0 1000.0 1000 680 1.127 0.600 87.83 +
10000.0 9500.0 1000.0 754 513 1.127 0.600 87.83 f
L. 1000.0 10500.0 1000.0 479 326 1.210 0.600 101.67 t
4500.0 1000.0 1000.0 466 317 0.978 0.600 63.00Id
3500.0 1000.0 1000.0 453 308 1.074 0.600 79.00
CL 0.0 4500.0 1000.0 450 306 0.773 0.600 28.83O1—* 2000.0 5500.0 1000.0 343 233 1.007 0.600 67.83
CM 3000.0 13500.0 1000.0 220 149 0.782 0.600 30.33
4000.0 6500.0 1000.0 159 10B 1.134 0.600 89.00
3000.0 500.0 0.0 973 761 0.721 0.600 20.17DC
3000.0 1500.0 0.0 564 441 0.590 0.600 -1 .67
Qjzt* 6000.0 1500.0 0.0 552 431 0.604 0.600 0.67
Qj d 4000.0 9500.0 0.0 457 357 0.721 0.600 20.17Id e 500.0 11000.0 0.0 453 354 0.668 0.600 11 .33
O 11 o 3000.0 10500.0 0.0 450 352 0.780 0.600 30.00
•6 2000.0 10500.0 0.0 426 333 0.855 0.600 42.67m 10000.0 10500.0 0.0 382 299 0.913 0.600 52.17
7000.0 7500.0 0.0 194 151 0.597 0.600 -0.50
250.0 250.0 500.0 1000 1000 0.909 1.000 -9.10
250.0 9750.0 500.0 858 858 1.043 1 .000 4.30
9750.0 9750.0 500.0 695 695 1.217 1.000 21 .70
n 9250.0 250.0 500.0 502 502 1.727 1.000 72.70 *
Oi2m 250.0 750.0 500.0 470 470 0.834 1 .000 -16.60
250.0 8750.0 500.0 461 461 0.344 0.600 -42.67
10250.0 250.0 500.0 421 421 1.443 1 .000 44.30
6250.0 250.0 500.0 154 154 0.644 0.600 7.33
2250.0 2250.0 500.0 141 141 0.671 0.600 11 .83
3500.0 3500.0 0.0 989 0.497 0.400 24.25L. 3500.0 2500.0 0.0 986 0.505 0.400 26.25co % 4500.0 4500.0 0.0 943 0.508 0.400 27.00d 7500.0 500.0 0.0 661 0.507 0.400 26.75u
Qj E 4500.0 9500.0 0.0 522 0.528 0.400 32.00
f i
O
-v> 3500.0 9500.0 0.0 50B 0.513 0.400 28.25
Q »>o 5500.0 11500.0 0.0 269 0.517 0.400 29.25m 18500.0 4500.0 0.0 116 0.686 0.400 71 .50
1500.0 11500.0 0.0 111 0.485 0.400 21 .25
9500.0 0.0 1000.0 1000 680 1.418 0.400 254.50 +
10000.0 9500.0 - 1000.0 754 513 1.373 0.400 243.25 t
t_ 1000.0 10500.0 1000.0 479 326 1.256 0.400 214.00 t
S' 4500.0 1000.0 1000.0 466 317 1.138 0.400 184.50
.3 3500.0 1000.0 1000.0 453 30B 1.143 0.400 185.75
Q . 0.0 4500.0 1000.0 450 306 0.769 0.400 92.25O
t - 2000.0 5500.0 1000.0 343 233 1.528 0.400 282.00
CO 3000.0 13500.0 1000.0 220 149 0.674 0.400 68.50
4000.0 6500.0 1000.0 159 10B 2.603 0.400 550.75
3000.0 500.0 0.0 973 761 0.564 0.400 41 .00Q- l_ 3000.0 1500.0 0.0 564 441 0.419 0.400 4.75
Oi31 6000.0 1500.0 0.0 552 431 0.429 0.400 7.25
Qj
d
—t 4000.0 9500.0 0.0 457 357 0.610 0.400 52.50Uc. E 500.0 11000.0 0.0 453 354 0.550 0.400 37.50
£
O
-►> 3000.0 10500.0 0.0 450 352 0.678 0.400 69.50
o 2000.0 10500.0 0.0 426 333 0.672 0.400 68.00m 10000.0 10500.0 0.0 382 299 0.974 0.400 143.50
7000.0 7500.0 0.0 194 151 0.390 0.400 -2.50
250.0 250.0 500.0 1000 1000 0.884 1.000 -11.60
250.0 9750.0 500.0 859 BSB 1.108 1.000 10.80
9750.0 9750.0 5B0.0 695 695 1.424 1.000 42.40
n 9250.0 250.0 500.0 502 502 2.898 1 .000 189.80 *
0)3* 250.0 750.0 500.0 470 470 0.792 1 .000 -20.80
250.0 8750.0 500.0 461 461 0.587 0.400 46.75
10250.0 250.0 500.0 421 421 2.057 1 .000 105.70 X
6250.0 250.0 500.0 154 154 0.477 0.400 19.25
2250.0 2250.0 500.0 141 141 0.605 0.400 51 .25
WRT stands For 'w ith  respect to '  DeFlection Factor = 0.0025 mm Force Factor = 0.059B kN
CASE 12 ■ RooF oF a Leisure centre I
i
Supports: The indicated boundary joints 
are Fully restrained For translation.
Loading: DDL consisting oF:
Dead load = 1.25 kN/m^
Snow load = 0.75 kN/m^
The load is applied at the top layer 
joints as point loads P.
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T 81 IB.00 CHS 0 219.10x12.50
B Structure 3B91 1*100 300B P = -8.000 6570.00 CHS 0 219.1000.00
W 2570.00 CHS P 168.30 x 5.00
T
Renecture sa
8110.00 CHS 0 219.1002.50
B 2377 9218 3000 P =-12.349 6570.00 CHS 0 219.10O0.00
W 1 (9 257B.00 CHS 0 16B.30X5.00
T
Renecture
a
N 8110.00 CHS pr 219.10x12.50
B 1351 5184 300B P =-21.519 6570.00 CHS 0 219.10x10.00
W L 2570.00 CHS 0 168.30 x 5.00
T
Renecture
81 IB.00 CHS 0 219.10x12.50
B 813 2304 3000 P =-48.548 6570.00 CHS 0 219.10x10.00
V 3 2570.00 CHS 0 168.30x5.00
T, B and V stand For top layer, bottom Layer and web members, respectively.
TABLE 5.12.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
47000.0 29000.0 0.0 962 0.850 0.800 6.25
h 53000.0 23000.0 0.0 925 0.854 0.800 6.75co
Qj
m 47000.0 23000.0 0.0 901 0.854 0.800 6.75d 33000.0 27000.0 0.0 823 0.853 0.800 6.63
u
CD E 33000.0 25000.0 0.0 B05 0.854 0.800 6.75
e»
O 59000.0 13000.0 0.0 635 0.858 0.B00 7.25
a o 27000.0 11000.0 0.0 412 0.861 0.800 7.620 3 11000.0 11000.0 0.0 204 0.866 0.800 8.25
5000.0 13000.0 0.0 115 0.875 0.800 9.38
60000.0 1000.0 3000.0 1000 1000 0.840 0.800 5.00
50000.0 1000.0 3000.0 979 979 0.840 0.800 5.00
L . 40000.0 1000.0 3000.0 913 913 0.839 0.800 4.88
54000.0 29000.0 3000.0 613 613 0.920 0.800 15.00d
mmJ 52000.0 27000.0 3000.0 532 532 0.8B9 0.800 11 .13
a _ 36000.0 25000.0 3000.0 516 516 0.927 0.800 15.88oH 52000.0 7000.0 3000.0 157 157 2.944 0.800 268.00 3K
23000.0 22000.0 3000.0 119 119 0.941 0.800 17.63
CM 37000.0 24000.0 3000.0 108 108 0.990 0.800 23.75*"2 59000.0 24000.0 0.0 966 836 0.838 0.800 4.75
DC
L . 41000.0 30000.0 0.0 919 795 0.835 0.800 4.38
CDrr 39000.0 28000.0 0.0 900 778 0.836 0.800 4.50
CD
cS 37000.0 24000.0 0.0 758 656 0.796 0.800 -0.50
u E 39000.0 14000.0 0.0 692 599 0.850 0.800 6.25
o 
11
O 25000.0 20000.0 0.0 528 457 0.7B7 0.800 -1 .63
o 26000.0 29000.0 0.0 312 270 0.830 0.800 3.75
0 3 20000.0 13000.0 0.0 171 148 0.798 0.800 -0.25
7000.0 8000.0 0.0 102 89 0.732 0.800 -8.50
50500.0 500.0 1500.0 981 437 1 .065 1 .000 6.50
39500.0 500.0 1500.0 934 416 1 .052 1 .000 5.20
40500.0 500.0 1500.0 928 413 1 .068 1.000 6.80
-D 30500.0 500.0 1500.0 830 369 1 .072 1 .000 7.20
CD2m 20500.0 500.0 1500.0 674 300 1.079 1 .000 7.90
50500.0 1500.0 1500.0 529 235 0.923 1 .000 -7.70
30500.0 2500.0 1500.0 420 187 0.837 0.800 4.83
38500.0 500.0 1500.0 306 136 2.451 1 .000 145.10 *
50500.0 16500.0 1500.0 124 55 0.868 0.800 8.50
WRT stands For ' with respect to  '  DeFlection Factor = 0.1054 mm Force Factor = 0.8290 kN
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5.12.1
TABLE 5.12.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
47000.0 29000.0 0.0 962 0.688 0.600 14.67
53000.0 23000.0 0.0 925 0.694 0.600 15.67
co aiS' 47000.0 23000.0 0.0 901 0.694 0.600 15.67
•H t i 33000.0 27000.0 0.0 823 0.693 0.600 15.50
u
CLl E 33000.0 25000.0 0.0 805 0.691 0.600 15.17
f 1
O
-P 59000.0 13000.0 0.0 635 0.702 0.600 17.00
cu •Po 27000.0 11000.0 0.0 . 412 0.707 0.600 17.83a m 11000.0 11000.0 0.0 204 0.716 0.600 19.33
5000.0 13000.0 0.0 115 0.727 0.600 21.17
60000.0 1000.0 3000.0 1000 1000 0.707 0.600 17.83
50000.0 1000.0 3000.0 979 979 0.640 0.600 6.67
c. 40000.0 1000.0 3000.0 913 913 0.639 0.600 6.50
S' 54000.0 29000.0 3000.0 613 613 0.815 0.600 35.83CJ —! 52000.0 27000.0 3000.0 532 532 0.771 0.600 28.50
CL 36000.0 25000.0 3000.0 516 516 0.827 0.600 37.83
O
»— 52000.0 7000.0 3000.0 157 157 1.652 0.600 175.33 *
CM 23000.0 22000.0 3000.0 119 119 0.862 0.600 43.67
CM 37000.0 24000.0 3000.0 108 10B 0.925 0.600 54.17
59000.0 24000.0 0.0 966 B36 0.663 0.600 10.50
cc
L. 41000.0 30000.0 0.0 919 795 0.658 0.600 9.67
Dl
S ' 39000.0 28000.0 0.0 900 778 0.661 0.600 10.17
Qi
ci 37000.0 24000.0 0.0 758 656 0.603 0.600 0.50
£ E 39000.0 14000.0 0.0 692 599 0.6B6 0.600 14.33
o O-P 25000.0 20000.0 0.0 528 457 0.599 0.600 -0.17LL
l 5 26000.0 29000.0 0.0 312 270 0.656 0.600 9.33
m 20000.0 13000.0 0.0 171 148 0.611 0.600 1 .83
7000.0 8000.0 0.0 102 89 0.537 0.600 -10.50
50500.0 500.0 1500.0 981 437 1.157 1.000 15.70
39500.0 500.0 1500.0 934 416 1.114 1.000 11 .40
40500.0 500.0 1500.0 928 413 1.170 1.000 17.00
•O 30500.0 500.0 1500.0 830 369 1.189 1 .000 18.90
Oi
D * 20500.0 500.0 1500.0 674 300 1.222 1 .000 22.20
50500.0 1500.0 1500.0 529 235 0.878 I .000 -12.20
30500.0 2500.0 1500.0 420 187 0.792 0.600 32.00
38500.0 500.0 1500.0 306 136 4.298 1 .000 329.80 K
50500.0 16500.0 1500.0 124 55 0.738 0.600 23.00
47000.0 29000.0 0.0 962 0.502 0.400 25.50
L. 53000.0 23000.0 0.0 925 0.512 0.400 28.00
c
o & 47000.0 23000.0 0.0 901 0.512 0.400 28.00
• H 
—>
ci 33000.0 27000.0 0.0 B23 0.511 0.400 27.75
u
Qi E 33000.0 25000.0 0.0 B05 0.515 0.400 28.75
f i
o 59000.0 13000.0 0.0 635 0.521 0.400 30.25
a
-P
o 27000.0 11000.0 0.0 412 0.529 0.400 32.25m 11000.0 11000.0 0.0 204 0.540 0.400 35.00
5000.0 13000.0 0.0 115 0.552 0.400 38.00
60000.0 1000.0 3000.0 1000 1000 0.612 0.400 53.00 *
50000.0 1000.0 3000.0 979 979 0.612 0.400 53.00 *
L. 40000.0 1000.0 3000.0 913 913 0.611 0.400 52.75 *
S' 54000.0 29000.0 3000.0 613 613 0.6B0 0.400 70.00
---! 52000.0 27000.0 3000.0 532 532 0.648 0.400 62.00
CL 36000.0 25000.0 3000.0 516 516 0.718 0.400 79.50
O
t - 52000.0 7000.0 3000.0 157 157 0.491 0.400 22.75
CO 23000.0 22000.0 3000.0 119 119 0.777 0.400 94.25
CM 37000.0 24000.0 3000.0 108 10B 0.7B0 0.400 95.00
59000.0 24000.0 0.0 966 836 0.474 0.400 18.50CC
l. 41000.0 30000.0 0.0 919 795 0.470 0.400 17.50
0/
S ' 39000.0 28000.0 0.0 900 778 0.474 0.400 18.50
Oi
a 37000.0 24000.0 0.0 758 656 0.423 0.400 5.75
u E 39000.0 14000.0 0.0 692 599 0.506 0.400 26.50
£
O
-P 25000.0 20000.0 0.0 528 457 0.400 0.400 0.00
.P
□ 26000.0 29000.0 0.0 312 270 0.476 0.400 19.00
m 20000.0 13000.0 0.0 171 148 0.432 0.400 8.00
7000.0 8000.0 0.0 102 89 0.386 0.400 -3.50
50500.0 500.0 1500.0 981 437 1.286 1 .000 28.60
39500.0 500.0 1500.0 934 416 1.172 1 .000 17.20
40500.0 500.0 1500.0 928 413 1.331 1 .000 33.10
X I 30500.0 500.0 1500.0 830 369 1.400 1 .000 40.00
Ol
2B 20500.0 500.0 1500.0 674 300 1.536 1 .000 53.60
50500.0 1500.0 1500.0 529 235 0.865 1 .000 -13.50
30500.0 2500.0 1500.0 420 187 0.843 0.400 110.75
38500.0 500.0 1500.0 306 136 1.063 1 .000 6.30
50500.0 16500.0 1500.0 124 55 0.606 0.400 51 .50
WRT stands Fop ' with respect to '  DeFlection Factor = 0.1054 mm Force Factor = 0.8290 kN
CASE 1 3 S RdoF oF a workshop
Supports: The indicated top Layer joints
are Fully restrained For translation.
Loading: Point Load P applied at the
central joint oF the top layer.
i
TABLE 5.13.1
Number Number Height Load E A Section
oF
joints
oF
members mm kN kN/mm 2 mm2
Dimensions
mm
T 182.00 CHS 0 21.30x3.20
B Structure 3691 14400 750 P =-10.000 182.00 CHS 0 21.30x3.20
V 182.00 CHS 0 21.30x3.20
T
Renecture
1
182.00 CHS 0 21.30x3.20
B 2377 9216 750 P =-10.000 s
a
182.00 CHS P 21.30x3.20
V 182.BB CHS 0 21.30x3.20
T
Renecture
O
G>
a 182.00 CHS 0 21.30x3.20
B 1351 5184 750 P =-10.000 N 182.00 CHS 0 21.30x3.20
W 1B2.B0 CHS 0 21.30x3.20
T
Renecture
O
182.00 CHS 0 21.30x3.20
B 613 2304 750 P =-10.000 182.00 CHS 0 21.30x3.20
W 182.BB CHS 0 21.30x3.20
T» B and W stand For top layer» bottom Layer and web members» respectively.
TABLE 5.13.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
14750.0 3250.0 0.0 955 0.832 0.800 4.00
L- 14250.0 2750.0 0.0 947 0.833 0.800 4.12
C
o
QJ
s n 9250.0 3750.0 0.0 788 0.836 0.800 4.50
• H 
-*>
ti 8250.0 6750.0 0.0 736 0.836 0.800 4.50
u
Qi B 6750.0 4250.0 0.0 632 0.840 0.800 5.00
11 3 6750.0 2750.0 0.0 626 0.841 0.800 5.13
Q O 2750.0 2750.0 0.0 311 0.859 0.800 7.38CD 1250.0 3250.0 0.0 192 0.887 0.800 10.88
1250.0 250.0 0.0 126 0.876 0.800 9.50
250.0 0.0 750.0 1000 1000 0.831 0.800 3.88
750.0 0.0 750.0 760 760 0.803 0.800 0.38
L . 14750.0 7000.0 750.0 648 648 0.B45 0.800 5.62
m 14750.0 6500.0 750.0 581 581 0.822 0.800 2.75
1250.0 0.0 750.0 571 571 0.787 0.800 -1 .62
CL 14750.0 5500.0 750.0 504 504 0.854 0.800 6.75
O
y- 13250.0 6000.0 750.0 449 449 0.834 0.800 4.25
9250.0 6000.0 750.0 231 231 0.843 0.800 5.38
CO 5750.0 5500.0 750.0 106 106 0.843 0.800 5.38
15000.0 7250.0 0.0 1000 802 0.816 0.800 2.00
Q£ 15000.0 6750.0 0.0 793 636 0.772 0.800 -3.50
Qj 15000.0 750.0 0.0 603 484 0.816 0.800 2.00
Qj
t i 13000.0 6250.0 0.0 554 444 0.802 0.800 0.25
UL. E 12000.0 2250.0 0.0 539 432 0.791 0.800 -1 .12
O  11
O 10000.0 1250.0 0.0 537 431 0.803 0.600 0.38
o 5000.0 3250.0 0.0 190 152 0.785 0.800 -1.87
CO 6500.0 7250.0 0.0 161 129 0.772 0.800 -3.50 .
1750.0 2000.0 0.0 114 92 0.797 0.800 -0.37
125.0 125.0 375.0 1000 432 1.144 I .000 14.40 #
14875.0 7375.0 375.0 999 432 0.931 1 .000 -6.90
625.0 125.0 375.0 919 397 0.907 0.800 13.37 #
J3 1125.0 125.0 375.0 722 312 0.819 0.800 2.3B
(D
5 * 625.0 375.0 375.0 560 242 0.809 0.800 1.13
1625.0 125.0 375.0 559 241 0.792 0.800 -1 .00
4625.0 1125.0 375.0 170 73 0.744 0.800 -7.00
13125.0 6125.0 375.0 117 50 0.812 0.800 1 .50
7625.0 625.0 375.0 103 44 0.854 0.800 6.75
WRT stands For ' with respect to '  DeFlection Factor = 0.01 B7 mm Force Factor = 0.00B4 kN
Load P ,
nJ
* X X X Vx v. X X x x *:x x x >: X x v x x k x X X X Xx X X X X X X X X X XX X+X x X X X X X x X x X >;>; X x >:X
>: X X X X X X X X X X X xfx x X>: x >; k k X x X X >: X x x
> ; X X X x X X X X X X Xxfx X> : Xx XXk k V x x > ; Xx XfXx XXXX XXX XX X X xfx x X X x X X k k X X x X X k X X
X X X X X X X X X X X X x |v k X x v Xv k k X x x k X k kx k x X X X X X X k >;X X+X X Xx X > ; > ; k k X x x x x X x X
1 x X x X X X X X X X X X x jx x X X X 'X k X X X X 'X >;A 'X x
v X X X X X X X X X v x xfx x x X X >; k k x X x x X x k x
X X X X X >; v v jX k X X >; ?; ■Mk k X X X x k k k k
$ V X X X X X X DjcX X X xfx x X x X X X x k X X X x X X k Xx X X X X X X X X X X X xfx v >;X x X v k k X X X k k k ] x
X X X X X X X >; X •i*. X X xfx X X X x ?:■v x k X x x x k k k X
X X X X X X X >; X X x At?; >: XX x k k X k x >; k k k x
v AX X X X x X X X XX X+X X X x k X 'k X k x k k k x k X
k --------------------------------- 15.00 n --------------------------------------J
TABLE 5.13.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
VRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm i-
C z
mm
11750.0 3250.0 0.0 955 0.651 0.600 9.00
L. 1 •1250.0 2750.0 0.0 917 0.656 0.600 9.33c
o
(b 9250.0 3750.0 0 .0 7BB 0.661 0.600 10.17
• r-f d 8250.0 6750.0 0 .0 736 0.661 0.600 10.17
U
QJ E B750.0 1250.0 0 .0 632 0.668 0.600 11 .33
Cl.
O
-P 6750.0 2750.0 0 .0 626 0.670 0.600 11.67
Qj - Po 2750.0 2750.0 0.0 311 0.701 0.600 17.33a m 1250.0 3250.0 0 .0 192 0.758 0.600 26.33
1250.0 250.0 0 .0 126 0.731 0.600 22.33
250.0 0.0 750.0 1000 1000 0.682 0.600 13.67 t
750.0 0.0 750.0 760 760 0.633 0.600 5 .50
L H 7 5 0 .0 7000.0 750.0 618 618 0.692 0.600 15.33
zn 11750.0 6500.0 750.0 581 581 0.672 0.600 12.00
d
1250.0 0.0 750.0 571 571 0.611 0.600 1 .83
O . 11750.0 5500.0 750.0 501 501 0.657 0.600 9 .5 0□
1— 13250.0 6000.0 750.0 119 119 0.666 0.600 11.00
CM 9250.0 6000.0 750.0 231 231 0.690 0.600 15.00
CO 5750.0 5500.0 750.0 106 106 0.693 0.600 15.50
15000.0 7250.0 0.0 1000 802 0.629 0.600 1.83
DC
l_ 15000.0 6750.0 0.0 793 636 0.566 0.600 -5 .6 7
CU
3 1 15000.0 750.0 0.0 603 181 0.627 0.600 1.50
Qj
d
— t 13000.0 6250.0 0.0 551 111 0.591 0.600 -1 .00
£ E 12000.0 2250.0 0.0 539 132 0.592 0.600 -1 .3 3
O  11
O
•P 10000.0 1250.0 0.0 537 131 0.613 0.600 2 .1 7
5000.0 3250.0 0.0 190 152 0.572 0.600 -1 .6 7
CO 6500.0 7250.0 0.0 161 129 0.515 0.600 -9 .1 7
1750.0 2000.0 0.0 111 92 0.621 0.600 1.00
125.0 125.0 375.0 1000 132 1.327 1 .000 32 .70  *
11875.0 7375.0 375.0 999 132 0.869 1 .000 -1 3 .1 0
625.0 125.0 375.0 919 397 0.872 0.600 15 .33  *
r> 1125.0 125.0 375.0 722 312 0.690 0.600 15.00
Oi 625.0 375.0 375.0 560 212 0.722 0.600 20.33
1625.0 125.0 375.0 559 211 0.638 0.600 6 .3 3
1625.0 1125.0 375.0 170 73 0.539 0.600 -1 0 .1 7
13125.0 6125.0 375.0 117 50 0.611 0.600 1.83
7625.0 625.0 375.0 103 11 0.671 0.600 12.33
11750.0 3250.0 0.0 955 0.161 0.100 16.00
L. 11250.0 2750.0 0.0 917 0.167 0.100 16.75
c
o S i 9250.0 3750.0 0.0 788 0.173 0.100 18.25
8250.0 6750.0 0.0 736 0.173 0.100 18.25
u
cu E 6750.0 1250.0 0.0 632 0.1B1 0.100 20.25
Cl .
O
-P 6750.0 2750.0 0.0 626 0.1B1 0.100 21 .00
QjP i
-P
o 2750.0 2750.0 0.0 311 0.528 0.100 32.00
m 1250.0 3250.0 0.0 192 0.601 0.100 50 .25
1250.0 250.0 0.0 126 0.557 0.100 39.25
250.0 0.0 750.0 1000 1000 0.560 0.100 10.00 t
750.0 0.0 750.0 760 760 0.196 0.100 21.00
L. 11750.0 7000.0 750.0 618 618 0.531 0.100 33 .50
3 1 11750.0 6500.0 750.0 581 581 0.199 0.100 21 .75d 1250.0 0.0 750.0 571 571 0.117 0.100 11 .75
a . 11750.0 5500.0 750.0 501 501 0.183 0.100 20 .75
o
t - 13250.0 6000.0 750.0 119 119 0.192 0.100 23 .00
CO 9250.0 6000.0 750.0 231 231 0.531 0.100 32 .75
CO 5750.0 5500.0 750.0 106 106 0.515 0.100 36 .25
15000.0 7250.0 0.0 1000 B02 0.139 0.100 9 .7 5
DC
L 15000.0 6750.0 0.0 793 636 0.377 0.100 -5 .7 5
Oi
3 1 15000.0 750.0 0.0 603 1B1 0.129 0.100 7 .2 5
Qj
d 13000.0 6250.0 0.0 551 111 0.395 0.100 -1 .25
U E 12000.0 2250.0 0.0 539 132 0.399 0.100 -0 .2 5
£ O-P 10000.0 1250.0 0.0 537 131 0.122 0.100 5 .5 0
. P
O 5000.0 3250.0 0.0 190 152 0.371 0.100 -7 .2 5
m 6500.0 7250.0 0.0 161 129 0.310 0.100 -1 5 .0 0
.1750.0 2000.0 0.0 111 92 0.1B1 0.100 20.25
125.0 125.0 375.0 1000 132 1.566 1 .000 56 .60  *
11875.0 7375.0 375.0 999 132 0.811 1 .000 -1 8 .6 0
625.0 125.0 375.0 919 397 0.875 0.100 118.75 *
, n 1125.0 125.0 375.0 722 312 0.6B9 0.100 72 .25
di 625.0 375.0 375.0 560 212 0.728 0.100 82.00
1625.0 125.0 375.0 559 211 0.512 0.100 35 .50
1625.0 1125.0 375.0 170 73 0.108 0.100 2.00
13125.0 6125.0 375.0 117 50 0.117 0.100 11 .75
7625.0 625.0 375.0 103 11 0.165 0.100 16.25
WRT stands For 'w ith  respect t o '  DeFlection Factor = 0.0187 mm Force Factor = 0.0064 kN
CASE H :  A typical Floor oF a multistorey
TABLE 5.14.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
CM
< 
i
Section
Dimensions
mm
T 707.00 ROD fi 30.00
B Structure 3691 11400 750 P » -1.040 707.00 ROD 0 30.00
W 707.00 ROD 0 30.00
T
Renecture
707.00 ROD 0 30.00
B 2377 9216 750 P = -1.605 as 707.00 ROD 0 30.00V 1 707.00 ROD 0 30.00
T
Renecture
aa 707.00 ROD 0 30.00
B 1351 5184 750 P = -2.798 N 707.00 ROD 0 30.00
W z 707.00 ROD 0 30.00
T
Renecture
3
707.00 ROD 0 30.00
B 613 2304 750 P = -6.051 707.00 ROD 0 30.00
V 707.00 ROD 0 30.00
Tj B and V stand For top Layer, bottom Layer and web members, respectively.
TABLE 5.14.2
Re
ne
ct
ur
e Coordinates oF the point PermitLage 
WRT the 
Layer
PermitLage 
WRT the 
Structure
ActuaL
Ratio
Estimated
Ratio
Percentage
Error
X
mm i-
C z
mm
5400.0 2200.0 0 .0 974 0.850 0.800 6 .2 5
6600.0 5400.0 0 .0 926 0.854 0.800 6 .7 5
C
o
CD 3400.0 3000.0 0 .0 865 0.853 0.800 6 .6 3
• H d 2200.0 2200.0 0.0 702 0.659 0.800 7 .3 8
L )
Qj E 1400.0 1800.0 0.0 558 0.869 0.800 8 .6 3
f  I
O
• P 1000.0 2600.0 0.0 504 0.878 0.800 9 .7 5
Oi O 11800.0 2600.0 0.0 399 0.907 0.800 13.37o m 1000.0 200.0 0.0 381 0.884 0.800 10.50
600.0 5000.0 0.0 322 0.900 0.800 12.50
11800.0 6000.0 750.0 1000 643 0.895 0.800 11.87 t
11800.0 5600.0 . 750.0 855 550 0.872 0.800 9 .0 0  t
t_ 12000.0 5B00.0 750.0 784 505 0.936 0.800 17.00 +
Q}
11600.0 5B00.0 750.0 621 400 0.B90 0.800 11.25 fd
mm* 11400.0 400.0 750.0 543 349 0.852 0.800 6 .5 0
CL 200.0 6000.0 750.0 448 288 0.812 0.800 1 .50
O
H 10600.0 4B00.0 750.0 283 182 0.795 0.800 -0 .6 2
4600.0 4400.0 750.0 272 175 0.848 0.800 6.00
7400.0 4B00.0 750.0 156 100 0.874 0.800 9 .2 5
12000.0 5B00.0 0.0 1000 751 0.880 0.800 10.00 tDC
t - 12000.0 200.0 0.0 945 710 0.836 0.800 4 .5 0CD 11800.0 6000.0 0.0 762 572 0.896 0.800 12.00 t
Qj
d 200.0 6000.0 0.0 602 452 0.860 0.800 7 .5 0
U£ B 12000.0 5400.0 0.0 568 426 0.729 0.800 -8 .8 7b 11 O 12000.0 600.0 0.0 520 390 0.720 0.800 -1 0 .0 0
o 5200.0 5800.0 0.0 327 245 0.822 0.800 2 .7 5
CD 4600.0 4200.0 0.0 259 195 0.793 0.800 -0 .8 7
4000.0 2600.0 0.0 229 172 0.787 0.800 -1 .6 3
11900.0 5900.0 375.0 1000 1000 1.179 1 .000 17.90
11900.0 100.0 375.0 711 711 1.052 1 .000 5 .2 0
100.0 5900.0 375.0 654 654 0.942 1 .000 -5 .8 0
n 100.0 100.0 375.0 474 474 0.926 1.000 -7 .4 0Oj
j i * 11700.0 5700.0 375.0 448 44B 0.881 1 .000 -1 1 .9 0100.0 5700.0 375.0 264 264 0.856 1 .000 -1 4 .4 0
500.0 500.0 375.0 155 155 0.768 0.800 -4 .0 0
10900.0 5300.0 375.0 144 144 0.836 0.800 4 .5 0
10500.0 4900.0 375.0 104 104 0.818 0.800 2 .2 5
WRT stands For '  with respect to / DeFLection Factor = 0.0112 mm Force Factor = 0.1 B42 kN
TABLE 5.14.2 (continued)
Re
ne
ctu
re Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
ErrorX
| Ymm zmm
5400.0 2200.0 0.0 974 0.679 0.600 13.17
6600.0 5400.0 0.0 926 0.6B8 0.600 14.67
Co
aj
zn 3400.0 3000.0 0.0 865 0.686 0.600 14.33ti—j 2200.0 2200.0 0 .0 702 0.696 0.600 16.00
u
Qi E 1400.0 1800.0 0 .0 558 0.713 0.600 18.83
Cl. □ 1000.0 2600.0 0.0 504 0.729 0.600 21 .50O 11800.0 2600.0 0.0 399 0.7B2 0.600 30.33a m 1000.0 200.0 0.0 381 0.730 0.600 21 .67
600.0 5000.0 0.0 322 0.769 0.600 28 .17
11800.0 6000.0 750.0 1000 643 0.782 0.600 30 .33  4
11800.0 5600.0 750.0 855 550 0.742 0.600 23 .66  +
L. 12000.0 5800.0 750.0 784 505 0.B56 0.600 42 .66  - t
11600.0 5800.0 750.0 621 400 0.799 0.600 33 .16  4.5 11400.0 400.0 750.0 543 349 0.680 0.600 13.33
CL 200.0 6000.0 750.0 448 28B 0.668 0.600 11.33
O
h - 10600.0 4B00.0 750.0 2B3 182 0.599 0.600 -0 .1 7
CM 4600.0 4400.0 750.0 272 175 0.699 0.600 16.50
M - 7400.0 4800.0 750.0 156 100 0.733 0.600 22 .17
12000.0 5800.0 0.0 1000 751 0.760 0.600 26 .66  +DC
( . 12000.0 200.0 0.0 945 710 0.678 0.600 13.00
Oi
3 * 11800.0 6000.0 0.0 762 572 0.797 0.600 32 .83  t
Qi
d_ i 200.0 6000.0 0.0 602 452 0.731 0.600 21 .83U
t . B 12000.0 5400.0 0.0 568 426 0.534 0.600 -1 1 .0 0
o  11 O 12000.0 600.0 0.0 520 390 0.514 0.600 -1 4 .3 3
o 5200.0 5B00.0 0.0 327 245 0.637 0.600 6 .17
m 4800.0 4200.0 0.0 259 195 0.5B5 0.600 -2 .5 0
4000.0 2600.0 0.0 229 172 0.953 0.600 58.83
11900.0 5900.0 375.0 1000 1000 1.446 1.000 44 .60
11900.0 100.0 375.0 711 711 1.126 1 .000 12.60
100.0 5900.0 375.0 654 654 0.893 1 .000 -1 0 .7 0
n 100.0 100.0 375.0 474 474 0.852 1 .000 -1 4 .8 001 11700.0 5700.0 375.0 448 448 0.800 1 .000 -2 0 .0 0
100.0 5700.0 375.0 264 264 0.729 1 .000 -2 7 .1 0
500.0 500.0 375.0 155 155 0.556 0.600 -7 .3 3
10900.0 5300.0 375.0 144 144 0.670 0.600 11 .67
10500.0 4900.0 375.0 104 104 0.630 0.600 5.00
5400.0 2200.0 0.0 974 0.4B0 0.400 20.00
L 6600.0 5400.0 0.0 926 0.493 0.400 23 .25co & 3400.0 3000.0 0.0 865 0.490 0.400 22 .50
rt 1
CJ 2200.0 2200.0 0.0 702 0.502 0.400 25 .50
u £ 1400.0 1800.0 0.0 558 0.519 0.400 29 .75—f O 1000.0 2600.0 0.0 504 0.536 0.400 34 .00% o 11800.0 2600.0 0.0 399 0.609 0.400 52 .25a CD 1000.0 200.0 0.0 381 0.541 0.400 35 .25
600.0 5000.0 0.0 322 0.585 0.400 46 .25
11800.0 6000.0 750.0 1000 643 0.660 0.400 65 .00  t
11800.0 5600.0 750.0 855 550 0.612 0.400 5 3 .00  +
C. 12000.0 5800.0 750.0 784 505 0.816 0.400 104.00 +Qi
C * 11600.0 5B00.0 750.0 621 400 0.741 0.400 85 .25  fcJ 11400.0 400.0 750.0 543 349 0.4B9 0.400 22 .25
o - 200.0 6000.0 750.0 448 28B 0.605 0.400 51 .25of- 10600.0 4B00.0 750.0 283 182 0.414 0.400 3 .5 0
CO 4600.0 4400.0 750.0 272 175 0.542 0.400 35 .50
7400.0 4800.0 750.0 156 100 0.579 0.400 44 .75
12000.0 5800.0 0.0 1000 751 0.641 0.400 60 .25  tDC
t . 12000.0 200.0 0.0 945 710 0.521 0.400 30 .25
Oi 11800.0 6000.0 0.0 762 572 0.721 0.400 8 0 .25  t
Qi
a 200.0 6000.0 0.0 602 452 0.602 0.400 50 .50Ut. £ 12000.0 5400.0 0.0 568 426 0.3B8 0.400 -3 .0 0
£ oHi 12000.0 600.0 0.0 520 390 0.353 0.400 -11 .75
o 5200.0 5B00.0 0.0 327 245 0.440 0.400 10.00
m 4800.0 4200.0 0.0 259 195 0.385 0.400 -3 .7 5
4000.0 2600.0 0.0 229 172 0.373 0.400 -6 .7 5
11900.0 5900.0 375.0 1000 1000 1.900 1 .000 90 .00
11900.0 100.0 375.0 711 711 1.233 1 .000 23 .30
100.0 5900.0 375.0 654 654 0.853 1 .000 -1 4 .7 0
,n 100.0 100.0 375.0 474 474 0.770 1 .000 -2 3 .0 0
Qi 11700.0 5700.0 375.0 448 448 0.770 1 .000 -2 3 .0 0
100.0 5700.0 375.0 264 264 0.613 1 .000 -3 8 .7 0
500.0 500.0 375.0 155 155 0.407 0.400 1 .75
10900.0 5300.0 375.0 144 144 0.460 0.400 15.00
10500.0 4900.0 375.0 104 104 0.487 0.400 21 .75
WRT stands For 'w ith  respect to  '  DeFLection Factor = 0.0112 mm Force Factor = 0.1842 kN
CASE 15 5 RooF oF a gymnasium
Supports: The indicated top layer jo ints  
are constrained as Follows:
H Complete translational constraints 
D  Vertical constraint
Loading: UDL consisting oF:
Snow load = 1.00 kN/m^
The load is applied at the top layer 
jo ints as point loads P. .(<-----------  64.00 m
TABLE 5.15.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
mm^
Section
Dimensions
mm
T 6570.00 CHS 0 219.10*10.00
B Structure 1025 3968 2500 P = -8.000 6570.00 CHS 0 219.10x10.00
V 6570.00 CHS 0 219.10x10.00
T
Renecture
6570.00 CHS 0 219.10x10.00
B 677 2600 2500 P =-11.956 s 6570.00 CHS 0 219.10x10.00
V 1 a 6570.00 CH5 0  219.10*10.00
T
Renecture
H
s
N
6570.00 CHS 0 219.10x10.00
B 401 1520 2500 P =-19.782 6570.00 CHS 0 219.10*10.00
V 2 6570.00 CHS 0  219.10x10.00
T
Renecture
6570.00 CHS 0 219.10x10.00
B 197 72B 2500 P =-38.857 6570.00 CHS 0  219.10*10.00
V 3 6570.00 CHS 0 219.10x10.00
T» B and W stand For top layeri bottom layer and web membersj respectively.
TABLE 5.15.2
R
en
ec
tu
re Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercen tag e
E rr o r
X
mm
Y
mm
z
mm
34000.0 26000.0 0 .0 966 0.801 0.812 -1 .42
28000.0 24000.0 0 .0 927 0.802 0.812 -1 .29
Co
CD
Zfi 18000.0 34000.0 0 .0  ■ 815 0.803 0.812 -1 .17
I p
d 42000.0 18000.0 0 .0 761 0.797 0.812 -1 .91
uOi E 24000.0 16000.0 0 .0 731 0.800 0.812 -1 .5 4
ti
OP 52000.0 20000.0 0 .0 580 0.798 0.812 -1 .78
CjQ
Po 6000.0 18000.0 0 .0 343 0.799 0 .812 -1 .6 6CQ 34000.0 62000.0 0 .0 306 0.790 0 .812 -2 .7 7
16000.0 60000.0 0 .0 279 0.7B9 0.812 -2 .8 9
45000.0 3000.0 2500.0 999 746 0.847 0 .812 4 .2 5
61000.0 39000.0 2500.0 817 610 0.860 0 .812 5 .8 5
t . 17000.0 59000.0 2500.0 804 600 0.805 0.812 -0 .9 2
11000.0 11000.0 2500.0 555 415 0.813 0 .812 0 .0 6
- 2 41000.0 1000.0 2500.0 527 393 0.978 0 .812 20 .37  *
n . 3000.0 21000.0 2500.0 417 311 1 .IBS 0.812 46 .34  *oH- 51000.0 21000.0 2500.0 370 276 0.808 0.812 -0 .5 5
51000.0 25000.0 2500.0 327 244 0.829 0 .812 2 .0 3
in 15000.0 25000.0 2500.0 188 140 0.853 0.812 4.9B
21000.0 3000.0 0 .0 999 620 0.837 0.812 3 .0 2
t- 43000.0 61000.0 0 .0 979 607 0.839 0.812 3 .2 6tu
zn 19000.0 59000.0 0 .0 943 585 0.901 0.812 10.89 *
Qi
d 53000.0 9000.0 0 .0 533 330 0.865 0.612 6 .4 6
uf E 17000.0 33000.0 0 .0 464 287 0.812 0.812 -0 .0 6
o«t
o
.p 51000.0 35000.0 0 .0 423 263 0.707 0.812 -3 .1 4
-po 47000.0 59000.0 0 .0 158 98 0.677 0.812 -1 6 .6 0
co 47000.0 17000.0 0 .0 116 72 0.712 0.812 -1 2 .3 7
12000.0 2000.0 0 .0 110 68 1.158 0.812 42 .52
1000.0 22000.0 1250.0 999 999 0.934 1 .000 -6 .6 0
42000.0 1000.0 1250.0 935 935 0.946 1 .000 -5 .4 0
63000.0 22000.0 1250.0 929 929 0.946 1 .000 -5 .4 0
-Q 45000.0 2000.0 1250.0 41B 418 0.876 1 .000 -1 2 .4 00/>> 17000.0 62000.0 1250.0 414 414 0.877 0.812 7 .9 4
19000.0 2000.0 1250.0 406 406 0.B74 1.000 -1 2 .6 0
49000.0 2000.0 1250.0 245 245 0.809 0.812 -0 .4 3
13000.0 2000.0 1250.0 226 226 0.832 0.812 2 .4 0
53000.0 62000.0 1250.0 104 104 0.909 0.812 11 .88
WRT stands For 'w ith  respect to '  DeFLection Factor = 0.0715 mm Force Factor = 0.7171 kN
TABLE 5.15.2 (continued)
Re
ne
ct
ur
e • Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mra
z
mm
31000.0 26000.0 0 .0 966 0.600 0.625 -4 .0 0
t. 28000.0 21000.0 0 .0 927 0.599 0.625 -4 .1 6Co OJ31 18000.0 31000.0 0 .0 815 0.600 0.625 -4 .0 0d 12000.0 18000.0 0 .0 761 0.595 0.625 -4 .8 0uQj g 21000.0 16000.0 0 .0 731 0.597 0.625 -4 .4 8mJft *^ > 52000.0 20000.0 0 .0 580 0.589 0.625 -5 .7 6
a o 6000.0 18000.0 0 .0 343 0.578 0.625 -7 .5 2m 31000.0 62000.0 0 .0 306 0.557 0.625 -1 0 .8 8
16000.0 60000.0 0 .0 279 0.560 0.625 -1 0 .4 0
15000.0 3000.0 2500.0 999 746 0.707 0.625 13.12
61000.0 39000.0 2500.0 817 610 0.727 0.625 16.32L. 17000.0 59000.0 2500.0 804 600 0.585 0.625 -6 .4 0
31 11000.0 11000.0 2500.0 555 415 0.627 0.625 0 .3 2.2 11000.0 1000.B 2500.0 527 393 0.661 0.625 5 .7 6
a. 3000.0 21000.0 2500.0 417 311 1.791 0.625 186.56 Xot— 51000.0 21000.0 2500.0 370 276 0.647 0.625 3 .5 2
CVJ 51000.0 25000.0 2500.0 327 244 0.644 0.625 3 .04
in 15000.0 25000.0 2500.0 188 140 0.726 0.625 16.16
21000.0 3000.0 0 .0 999 620 0.685 0.625 9 .60OC L 13000.0 61000.0 0 .0 979 607 0.693 0.625 10.88dJ31 19000.0 59000.0 0 .0 943 585 0.788 0.625 26 .08
Oi d —* 53000.0 9000.0 0 .0 533 330 0.792 0.625 26 .72UL. e 17000.0 33000.0 0 .0 464 287 0.616 0.625 -1 .44O 1 □*> 51000.0 35000.0 0 .0 423 263 0.568 0.625 -9 .1 2*4-1o 17000.0 59000.0 0 .0 158 9B 0.406 0.625 -3 5 .0 4m 17000.0 17000.0 0 .0 116 72 0.488 0.625 -2 1 .9 2
12000.0 2000.0 0 .0 110 68 0.872 0.625 39.52
1000.0 22000.0 1250.0 999 999 0.907 1.000 -9 .3 0
12000.0 1000.0 1250.0 935 935 0.939 1 .000 -6 .1 0
63000.0 22000.0 1250.0 929 929 0.93B 1 .000 -6 .2 0
X I 15000.0 2000.0 1250.0 418 418 1.898 1 .000 89.80
aj
3c 17000.0 62000.0 1250.0 414 414 0.885 0.625 41 .60
19000.0 2000.0 1250.0 406 406 1.946 1 .000 94.60
19000.0 2000.0 1250.0 245 245 0.812 0.625 29.92
13000.0 2000.0 1250.0 226 226 0.9B1 0.625 44 .16
53000.0 62000.0 1250.0 104 104 1.251 0.625 100.16
31000.0 26000.0 0 .0 966 0.410 0.437 -6 .2 9
L. 28000.0 21000.0 0 .0 927 0.412 0.437 -5 .8 3
C
o Si 18000.0 31000.0 0 .0 815 0.410 0.437 -6 .2 9
• H ci 12000.0 18000.0 0 .0 761 0.409 0.437 -6 .5 1
uOi E 21000.0 16000.0 0 .0 731 0.408 0.437 -6 .7 4ft O 52000.0 20000.0 0 .0 580 0.401 0.437 -8 .3 4OiQ o 6000.0 18000.0 0 .0 343 0.396 0.437 -9 .4 9
m 31000.0 62000.0 0 .0 306 0.373 0.437 -1 4 .7 4
16000.0 60000.0 0 .0 279 0.388 0.437 -11 .31
15000.0 3000.0 2500.0 999 746 0.593 0.437 35 .54
61000.0 39000.0 2500.0 817 610 0.621 0.437 41 .94
L.
Qi 17000.0 59000.0 2500.0 804 600 0.502 0.437 14.74
11000.0 11000.0 2500.0 555 415 0.465 0.437 6 .2 9
11000.0 1000.0 2500.0 527 393 0.608 0.437 38 .97
CL 3000.0 21000.0 2500.0 417 311 11.529 0.437 X XX X XX  XO\— 51000.0 21000.0 2500.0 370 276 0.550 0.437 25.71
CO 51000.0 25000.0 2500.0 327 244 0.407 0.437 -6 .9 7
in 15000.0 25000.0 2500.0 188 140 0.571 0.437 30.51
21000.0 3000.0 0 .0 999 620 0.550 0.437 25.71
Q£
L_ 13000.0 61000.0 0 .0 979 607 0.570 0.437 30 .29
0 /
IP 19000.0 59000.0 0 .0 943 585 0.509 0.437 16.34
Oi c? 53000.0 9000.0 0 .0 533 330 1.073 0.437 145.26u E 17000.0 33000.0 0 .0 464 287 0.413 0.437 -5 .6 0
i £
O 51000.0 35000.0 0 .0 423 263 0.350 0.437 -2 0 .0 0
-4-J
o 17000.0 59000.0 0 .0 158 9B 2.065 0.437 372.00
m 17000.0 17000.0 0 .0 116 72 0.310 0.437 -2 9 .1 4
12000.0 2000.0 0 .0 110 6B 0.782 0.437 78 .74
1000.0 22000.0 1250.0 999 999 0.984 1.000 -1 .6 0
12000.0 1000.0 1250.0 935 935 1.051 1.000 5 .1 0
63000.0 22000.0 1250.0 929 929 1.046 1.000 4 .6 0
15000.0 2000.0 1250.0 418 418 12.896 1 .000 XXX X XX  XQi I 7000.0 62000.0 1250.0 414 414 1.356 0.437 209.94
19000.0 2000.0 1250.0 406 406 17.779 1 .000 XXXXXX X
19000.0 2000.0 1250.0 245 245 1.665 0.437 280.57
13000.0 2000.0 1250.0 226 226 1.050 0.437 140.00
53000.0 62000.0 1250.0 104 104 2.669 0.437 510.06
WRT stands For * with respect to '  DeFlection Factor = 0.0715 mm Force Factor = 0.7171 kN
CASE 1G ! RooF oF a maintenance hangar
Supports: The indicated top Layer joints 
are Fully restrained For translation.
Loading: Point load P applied at the
central joint oF the bottom layer.
TABLE 5.16.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
CM
 
< 
1
Section
Dimensions
mm
T 6570.00 CHS 0 219.10*10.00
B Structure 1025 396B 2500 P =-20.000 6570.00 CHS 0 219.10*10.00
V 6570.00 CHS 0 219.10*10.00
T
Renecture
6570.00 CHS 0 219.10*10.00
B 677 2600 2500 P =-20.000 aa
6570.00 CHS 0 219.10*10.00
V 1 6570.00 CHS 0 219.10*10.00
T
Renecture
a
a 6570.00 CHS 0 219.10*10.00
B 401 1520 2500 P =-20.000 N 6570.00 CHS 0 219.10*10.00
V 2 6570.00 CHS 0 219.10*10.00
T
Renecture
6570.00 CHS 0 219.10*10.00
B 197 728 2500 P =-20.000 6570.00 CHS 0  219.10*10.00
W J 6570.00 CHS 0 219.10*10.00
T, B and W stand For top layer» bottom Layer and web members» respectively.
TABLE 5.16.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
34000.0 26000.0 0.0 939 0.869 0.812 6.95
L. 28000.0 24000.0 0.0 900 0.869 0.812 6.95
co
Qizn 18000.0 34000.0 0.0 811 0.873 0.812 7.45
-*•>
d 24000.0 16000.0 0.0 726 0.B74 0.812 7.57u
CD e 34000.0 62000.0 0.0 547 0.8B6 0.812 9.05
f t  i 3 6000.0 18000.0 0.0 453 0.883 0.812 8.68
□ o 16000.0 60000.0 0.0 381 0.8B5 0.812 8.92m 14000.0 58000.0 0.0 374 0.887 0.812 9.17
58000.0 58000.0 0.0 206 0.910 0.812 12.00
31000.0 31000.0 2500.0 999 934 0.870 0.812 7.08
0.0 4000.0 2500.0 716 668 0.930 0.812 14.46 T
L. 37000.0 37000.0 2500.0 548 512 0.819 0.812 0.80
m 64000.0 32000.0 2500.0 467 436 0.968 0.812 19.143 31000.0 25000.0 2500.0 448 419 0.857 0.812 5.48
CL 29000.0 43000.0 2500.0 405 37B 0.855 0.812 5.23
□
t- 64000.0 40000.0 2500.0 342 320 0.963 0.812 18.52
51000.0 25000.0 2500.0 200 187 0.915 0.812 12.62
CD 51000.0 21000.0 2500.0 141 132 0.941 0.812 15.82
35000.0 33000.0 0.0 898 B9B 0.874 0.812 7.57
DC
L 23000.0 29000.0 0.0 586 586 0.842 0.812 3.63
ttl
z n 37000.0 23000.0 0.0 494 494 0.854 0.812 5.11
Qi
d 2000.0 44000.0 0.0 464 464 0.842 0.812 3.63
Ut E 17000.0 33000.0 0.0 408 408 0.851 0.812 4.74b
L i.
D
♦> 43000.0 41000.0 0.0 403 403 0.836 0.812 2.89
o 51000.0 35000.0 0.0 307 307 0.853 0.812 4.98m 51000.0 13000.0 0.0 301 301 0.884 0.812 8.80
53000.0 9000.0 0.0 131 131 0.876 0.812 7.82
32000.0 31000.0 1250.0 999 587 1.137 1 .000 13.70 *
35000.0 32000.0 1250.0 431 253 1.116 t .000 11.60 #
5000.0 62000.0 1250.0 421 247 0.778 0.812 -4.25
n 13000.0 2000.0 1250.0 407 239 0.884 0.812 8.80
Oj 49000.0 2000.0 1250.0 281 165 0.811 0.812 -0.1B
53000.0 62000.0 1250.0 233 137 0.784 0.812 -3.51
61000.0 50000.0 1250.0 125 73 0.751 0.812 -7.57
55000.0 28000.0 1250.0 118 69 0.779 0.812 -4.12
47000.0 40000.0 1250.0 103 60 0.B54 0.812 5.11
WRT stands For 'w ith  respect to ' DeFlection Factor = 0.0023 mm Force Factor = 0.0109 kN
TABLE 5 .IB.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point PermitLage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
ErrorX
| Ymm zmm
32000.0 24000.0 0 .0 916 0.729 0.625 16.64
L . 30000.0 22000.0 0 .0 881 0.729 0.625 16.64
C
o
Qi 42000.0 42000.0 0 .0 801 0.732 0.625 17.12
• H dwU 26000.0 14000.0 0 .0 710 0.740 0.625 IB .40
uQj E 44000.0 16000.0 0 .0 670 0.743 0.625 18.88
Cl .
O
-P 40000.0 4000.0 0 .0 519 0.750 0.625 20.00
□
-P
o 6000.0 14000.0 0 .0 374 0.768 0.625 2 2 .8B
m 50000.0 62000.0 0 .0 305 0.790 0.625 26 .40
60000.0 12000.0 0 .0 296 0.789 0.625 26 .24
31000.0 33000.0 2500.0 999 934 0.736 0.625 17.76
29000.0 35000.0 2500.0 678 633 0.595 0.625 -4 .8 0
c. 27000.0 33000.0 2500.0 592 553 0.620 0.625 -0 .8 0
ZT* 3000.0 59000.0 2500.0 513 479 0.593 0.625 -5 .1 2
d  
—/ 27000.0 23000.0 2500.0 446 416 0.711 0.625 13.76
CL 64000.0 26000.B 2500.0 435 406 0.960 0.625 53 .60
O
h— 27000.0 49000.0 2500.0 264 247 0.773 0.625 23.68
CM 11000.0 31000.0 2500.0 190 177 0.880 0.625 40.80
CO 13000.0 53000.0 2500.0 118 110 0.542 0.625 -1 3 .2 8
31000.0 29000.0 0 .0 898 89B 0.743 0.625 18.88
Q£
c 25000.0 31000.0 0 .0 671 671 0.708 0.625 13.28
Oi 2000.0 24000.0 0 .0 560 560 0.710 0.625 13.60
Oi
d
•_* 43000.0 39000.0 0 .0 432 432 0.719 0.625 15.04U
c . e 17000.0 33000.0 0 .0 408 40B 0.709 0.625 13.44
o  11 o-p 23000.0 43000.0 0 .0 403 403 0.674 0.625 7 .84
p
o 49000.0 29000.0 0 .0 343 343 0.691 0.625 10.56
g o 57000.0 57000.0 0 .0 297 297 0.733 0.625 17.28
61000.0 23000.0 0 .0 107 107 0.733 0.625 17.28
32000.0 31000.0 1250.0 999 587 1.000 1 .000 0.00
1000.0 62000.0 1250.0 500 293 0.735 1 .000 -2 6 .5 0  #
5000.0 62000.0 1250.0 421 247 0.628 0.625 0.48
n 13000.0 2000.0 1250.0 407 239 0.715 0.625 14.40
Oi 45000.0 2000.0 1250.0 280 164 0.670 0.625 7 .2 0
59000.0 52000.0 1250.0 123 72 0.576 0.625 -7 .8 4
55000.0 20000.0 1250.0 114 67 0.680 0.625 8.80
15000.0 56000.0 1250.0 107 62 0.646 0.625 3 .3 6
47000.0 40000.0 1250.0 103 60 0.701 0.625 12.16
34000.0 26000.0 0 .0 939 0.576 0.437 31 .66
L. 29000.0 24000.0 0 .0 900 0.581 0.437 32 .80
c
o s. 19000.0 34000.0 0 .0 811 0.590 0.437 34 .86
• P
0 24000.0 16000.0 0 .0 726 0.595 0.437 36 .00
u
Oi E 34000.0 62000.0 0 .0 547 0.602 0.437 37 .60O
•P 6000.0 19000.0 0 .0 453 0.630 0.437 44 .00
a
-P
o 16000.0 60000.0 0 .0 381 0.651 0.437 4B.80
CO 14000.0 58000.0 0 .0 374 0.646 0.437 47 .66
58000.0 59000.0 0 .0 206 0.770 0.437 76 .00
31000.0 31B00.0 2500.0 999 934 0.598 0.437 36.69
0 .0 4000.0 2500.0 716 668 0.874 0.437 99 .77  t
L. 37000.0 37000.0 2500.0 548 512 0.443 0.437 1.26
I7> 64000.0 32000.0 2500.0 467 436 1.095 0.437 150.29
3 31000.0 25000.0 2500.0 448 419 0.530 0.437 21 .14CL 29000.0 43000.0 2500.0 405 37B 0.543 0.437 24.11
O
f— 64000.0 40000.0 2500.0 342 320 1.167 0.437 166.74
CO 51000.0 25000.0 2500.0 200 187 0.875 0.437 100.00
CD 51000.0 21000.0 2500.0 141 132 1.171 0.437 167.66
35000.0 33000.0 0 .0 898 B9B 0.608 0.437 38 .97
Q£
L . 23000.0 29000.0 0 .0 586 586 0.521 0.437 19.09Oi
ZT\ 37000.0 23000.0 0 .0 494 494 0.548 0.437 25 .26
Qi
cJ 2000.0 44000.0 0 .0 464 464 0.530 0.437 21 .14Ut . E 17000.0 33000.0 0 .0 408 408 0.546 0.437 24 .80
i£ OP 43000.0 41000.0 0 .0 403 403 0.522 0.437 19.31
. P
o 51000.0 35000.0 0 .0 307 307 0.578 0.437 32.11
CO 51000.0 13000.0 0 .0 301 301 0.599 0.437 36.91
53000.0 9000.0 0 .0 131 131 1.237 0.437 182.74
32000.0 31000.0 1250.0 999 587 1.285 1 .000 28.50
35000.0 32000.0 1250.0 431 253 6.543 1.000 554.30 K
5000.0 62000.0 1250.0 421 247 0.581 0.437 32 .80
J 3 13000.0 2000.0 1250.0 407 239 0.554 0.437 26 .63
Oi2* 49000.0 2000.0 1250.0 281 165 0.524 0.437 19.77
53000.0 62000.0 1250.0 233 137 0.379 0.437 -1 3 .3 7
61000.0 50000.0 1250.0 125 73 0.409 0.437 -6 .51
55000.0 29000.0 1250.0 118 69 0.490 0.437 12.00
47000.0 40000.0 1250.0 103 60 0.503 0.437 14.97
WRT stands For 'w ith  respect to  '  DeFlection Factor = 0.0023 mm Force Factor = 0.0109 kN
CASE 1 7 Z RooF oF a maintenance hangar
Supports: The indicated bottom lager joints are constrained as Follows: 
H Complete translational constraints 
□ Vertical constraint
constraints in Y-and Z-directions
Loading: Point loads P applied at the Four indicated top layer joints.
6
egs
ca
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm^
A
mm^
Section
Dimensions
mm
T TlT2
Structure 1B25 39BB 2500 P =-20.000
a
a
s
a
N
4210.0B
6570.00
CHS 0 219.10 V 6.30 
CHS 0 219.10*10.00
B QI
B2
4210.00
6570.00
CHS 0 219.10 v 6.30 
CHS 0 219.10*10.00
V Wtn
6570.00
6570.00
CHS 0 219.10*10.00 
CHS 0 219.10x10.00
T TlT2
Renecture
1
B77 2GB0 25B0 P =-20.000
3370.00
6570.00
RCD
CHS 0 219.10x10.00
B BtB2
3370.00
6570.00
RCD
CHS 0  219.10x10.00
V W1W2
6570.00
6570.00
CHS 0 219.10*10.00 
CHS 0 219.10x10.00
T TlT2
Renecture
2
401 1520 2500 P =-20.000
2530.00
6570.00
RCD
CHS 0 219.10x10.00
B B1B2
2530.00
6570.00
RCD
CHS 0  219.10x10.00
V W1
W2
6570.00
6570.00
CHS 0  219.10x10.00 
CHS 0 219.10x10.00
T TlT2
Renecture
3
197 728 2500 P =-20.000
1690.00
6570.00
RCD
CHS 0 219.10x10.00
B B1B2
1690.00
6570.00
RCD
CHS 0  219.10x10.00
V
W1
W2
6570.00
6570.00
CHS 0  219.10x10.00 
CHS 0 219.10*10.00
T, B and V relate to the top layer> bottom layer and web members> respectively.
TI and B1 relate to the boundary members oF the top and bottom layersj respectively.
T2 and B2 relate to the non-boundary members oF the top and bottom layersi respectively.
VI and W2 relate to the web members oF the boundary and non-boundary modulesi respectively.
RCD stands For * reduced cross-section density'.
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TABLE 5.17.1
Position oP external loads in renecture 1
Position oP external loads in renecture 2 Position oF external loads in renecture 3
TABLE 5.17.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
i
x 1 -
c z
mm
3 *'1000.0 26000.0 0 .0 955 0.845 0.812 4 .0 0
L . 38000.0 26000.0 0 .0 826 0.844 0.812 3 .88
Co
(1/
rr» 28000.0 24000.0 0 .0 920 0.845 0.812 4 .0 0
C5 34000.0 62000.0 0 .0 574 0.860 0.812 5 .8 5
u
(D E 6000.0 18000.0 0 .0 476 0.863 0.812 6.22•j
r t 3 16000.0 60000.0 0 .0 400 0.869 0.812 6 .9 5
a» o 14000.0 58000.0 0 .0 393 0.873 0.812 7 .4 5
a m 12000.0 4000.0 0 .0 307 0.891 0.812 9 .6 6
56000.0 58000.0 0 .0 205 0.938 0.812 15.45
31000.0 31000.0 2500.0 1000 966 0.861 0.812 5 .97
64000.0 40000.0 2500.0 602 582 0.843 0.812 3 .7 5
L . 28000.0 43000.0 2500.0 576 • 557 0.826 0.812 1 .66
3 1 33000.0 45000.0 2500.0 518 501 0.B39 0.812 3 .2 6
3 21000.0 21000.0 2500.0 424 409 0.829 0.812 2 .0 3
CL 18000.0 25000.0 2500.0 413 400 0.817 0.812 0 .5 5Ot— 39000.0 47000.0 2500.0 404 391 0.837 0.812 3 .0 2
51000.0 21000.0 2500.0 198 192 0.8B4 0.812 B.80
11000.0 11000.0 2500.0 108 104 0.706 0.812 -1 3 .11
35000.0 33000.0 0 .0 913 913 0.851 0.812 4 .74
Q£
t_ 23000.0 29000.0 0 .0 615 615 0.822 0.812 1 .17
01
3 1 2000.0 44000.0 0 .0 491 491 0.813 0.812 0 .0 6
(U
U 37000.0 23000.0 0 .0 48B 48B 0.810 0.812 -0 .3 1
u E 43000.0 41000.0 0 .0 456 456 0.826 0.812 1 .66
o 11 □ 17000.0 33000.0 0 .0 444 444 0.835 0.812 2 .7 7
O 17000.0 37000.0 0 .0 420 420 0.833 0.612 2 .5 2
CO 51000.0 13000.0 0 .0 243 243 0.818 0.812 0 .6 8
53000.0 9000.0 0 .0 143 143 0.743 0.812 -8 .5 5
35000.0 32000.0 1250.0 934 2B1 1.133 1 .000 13.30 *
13000.0 2000.0 1250.0 894 269 0.826 0.812 1 .66
49000.0 2000.0 1250.0 874 263 0.825 0.812 1.54
n 53000.0 62000.0 1250.0 865 260 0.825 0.812 1 .54
Oi 5000.0 62000.0 1250.0 824 24B 1.132 1 .000 13.20 *
25000.0 62000.0 1250.0 498 150 0.792 0.812 -2 .5 2
37000.0 30000.0 1250.0 453 136 0.768 0.812 -5 .4 8
55000.0 28000.0 1250.0 138 41 0.809 0.B12 -0 .4 3
27000.0 24000.0 1250.0 121 36 0.760 0.812 -6 .4 6
WRT stands For ' with respect to  '  DeFlection Factor = 0.0117 mm Stress Factor = 0.00B5 N'mm 2
TABLE 5.17.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm i-C zmm
31000.0 26000.0 0 .0 955 0.6B9 0.625 10.21
38000.0 26000.0 0 .0 926 0.6B7 0.625 9 .9 2
Co
Qj 28000.0 21000.0 0 .0 920 0.690 0.625 10.10
-^>
d 31000.0 62000.0 0 .0 571 0.711 0.625 11.21
uQj e 6000.0 1B000.0 0 .0 176 0.731 0.625 16.96mJft □-p 16000.0 60000.0 0 .0 100 0.750 0.625 20.00
a
.po 11000.0 58000.0 0 .0 393 0.755 0.625 20.80m 12000.0 1000.0 0 .0 307 0.803 0.625 28.18
58000.0 58000.0 0 .0 205 0.929 0.625 18.61
31000.0 31000.0 2500.0 1000 966 0.717 0.625 11.72
61000.0 10000.0 2500.0 602 582 0.695 0 .625 11.20
L. 29000.0 13000.0 2500.0 576 557 0.652 0.625 1 .3 2
31 33000.0 15000.0 2500.0 518 501 0.663 0.625 6 .08cs 21000.0 21B00.0 2500.0 121 109 0.661 0.625 5 .7 6
o. 19000.0 25000.0 2500.0 113 100 0.635 0.625 1.60o»— 39000.0 17000.0 2500.0 101 391 0.673 0.625 7 .6 8
CM 51000.0 21000.0 2500.0 198 192 0.787 0.625 25.92
11000.0 11000.0 2500.0 108 101 0.117 0.625 -2 8 .1 8
35000.0 33000.0 0 .0 913 913 0.702 0.625 12.32Q£ L. 23000.0 29000.0 0 .0 615 615 0.611 0.625 3 .01QJ31 2000.0 11000.0 0 .0 191 191 0.631 0.625 1 .11
<U
d _/ 37000.0 23000.0 0 .0 188 1BB 0.625 0.625 0.00
U1^ E 13000.0 11000.0 0 .0 156 156 0.656 0.625 1.96
o 11 O■P 17000.0 33000.0 0 .0 111 111 0.675 0.625 8.00•PO 17000.0 37000.0 0 .0 120 120 0.665 0.625 6 .1 0m 51000.0 13000.0 0 .0 213 213 0.628 0.625 0 .1 8
53000.0 9000.0 0 .0 113 113 0.511 0.625 -1 8 .2 1
35000.0 32000.0 1250.0 931 281 1.315 1 .000 31 .50  *
13000.0 2000.0 1250.0 891 269 0.692 0.625 10.72
19000.0 2000.0 1250.0 871 263 0.691 0.625 10.56
n 53000.0 62000.0 1250.0 865 260 0.678 0.625 8 .18
ai: 5000.0 62000.0 1250.0 821 218 1.277 1.000 27 .70  *
25000.0 62000.0 1250.0 198 150 0.658 0.625 5 .2 8
37000.0 30000.0 1250.0 153 136 0.686 0.625 9 .7 6
55000.0 28000.0 1250.0 138 11 0.626 0.625 0 .1 6
27000.0 21000.0 1250.0 121 36 0.601 0.625 -3 .8 1
31000.0 26000.0 0 .0 955 0.510 0.137 23 .13
L. 38000.0 26000.0 0 .0 926 0.538 0.137 22 .97
co
aj31 28000.0 21000.0 0 .0 920 0.515 0.137 21 .57
• ^ d 31000.0 62000.0 0 .0 571 0.596 0.137 36 .23
uaj E 6000.0 18000.0 0 .0 176 0.626 0.137 13 .09_J11 3 16000.0 60000.0 0 .0 100 0.679 0.137 55 .20
QJ .p□ 11000.0 58000.0 0 .0 393 0.681 0.137 55 .66a m 12000.0 1000.0 0 .0 307 0.799 0.137 82 .63
58000.0 58000.0 0 .0 205 1.379 0.137 215.20
31000.0 31000.0 2500.0 1000 966 0.571 0.137 30.51
61000.0 10000.0 2500.0 602 582 0.562 0.137 28 .16
u 29000.0 13000.0 2500.0 576 557 0.1B1 0.137 10.63
31 33000.0 15000.0 2500.0 518 501 0.180 0.137 9.71d
21000.0 21000.0 2500.0 121 109 0.502 0.137 11.71
CL 19000.0 25000.0 2500.0 113 100 0.150 0.137 2 .8 6O 1— 39000.0 17000.0 2500.0 101 . 391 0.525 0.137 20 .00
CO 51000.0 21000.0 2500.0 198 192 0.855 0.137 95 .13
11000.0 11000.0 2500.0 108 101 0.215 0.137 -1 1 .0 0
35000.0 33000.0 0 .0 913 913 0.553 0.137 26 .10Q£ l_ 23000.0 29000.0 0 .0 615 615 0.176 0.137 8 .80Qj31 2000.0 11000.0 0 .0 191 191 0.165 0.137 6 .2 9
qj
d—i 37000.0 23000.0 0 .0 188 18B 0.118 0.137 2 .1 0
uL E 13000.0 11000.0 0 .0 156 156 0.196 0.137 13.37
o 11
O•P 17000.0 33000.0 0 .0 111 111 0.501 0.137 11.51.Po I 7000.0 37000.0 0 .0 120 120 0.511 0.137 17.19CO 51000.0 13000.0 0 .0 213 213 0.137 0.137 -0 .1 1
53000.0 9000.0 0 .0 113 113 0.362 0.137 -1 7 .2 6
35000.0 32000.0 1250.0 931 281 1.582 l .000 58 .20  *
13000.0 2000.0 1250.0 891 269 0.611 1.000 -3 8 .6 0
19000.0 2000.0 1250.0 871 263 0.5B8 0.137 31 .10
o 53000.0 62000.0 1250.0 865 260 0.572 0.137 30 .71
0J*■1 5000.0 62000.0 1250.0 821 218 1.163 1.000 16 .30  *
25000.0 62000.0 1250.0 198 150 0.609 0.137 39 .20
37000.0 30000.0 1250.0 153 136 0.591 0.137 35 .77
55000.0 28000.0 1250.0 138 11 0.115 0.137 l .71
27000.0 21000.0 1250.0 121 36 0.362 0.137 -1 7 .2 6
WRT stands Por ' with respect to ' DeFlection Factor = 0.0117 mm Stress Factor = 0.00B5 N/mm2
CASE 1 8 ! RooF oF a Leisure centre
Supports: The indicated bottom layer joints are constrained as Follows: 
M Complete translational constraints 
□ Vertical constraint 
£l constraints in Y-and Z-directions
Loading: UDL consisting oF:
Dead load =1.25 kN/m^
Snow load = 1.25 kN'm^
The load is applied at the top layer joints as point loads P.
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TABLE 5.18.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
E
kN/mm ^
A
ram^
Section
Dimensions
mm
T Tl12
Structure 1121 3B« 3200 P “ -20.00B
a
s
s
s
CM
6570.00
6570.00
CHS 0 219.10x10.00 
CHS 0 219.10x10.00
B B1
B2
8110.00 
6110.00
CHS 0 219.10x12.50 
CHS 0 219.10*12.50
V W1
W2
6570.00
3190.00
CHS 0  219.10x10.00 
CHS 0  193.70 * 5.40
T TlT2
Renecture
1
800 25BB 3200 P =-27.941
5500.00
6570.00
RCD
CHS 0  219.10x10.00
B B1B2
QI10.00 
8110.00
CHS 0  219.10x12.50 
CHS 0  219.10x12.50
V W1V2
6570.00
3190.00
CHS 0  219.10x10.00 
CHS 0  193.70 x 5.40
T TlT2
Renecture
2
533 1712 3200 P =-41.75B
4450.00
B570.00
RCD
CHS 0  219.10.10.00
B B1B2
8110.00
8110.00
CHS 0  219.10x12.50 
CHS QT 219.10x12.50
V VIW2
6570.00
3190.00
CHS 0  219.10x10.00 
CHS 0  193.70x5.40
T TlT2
Renecture
3
320 1016 3200 P =-69.091
3500.0B 
B570.00
RCD
CHS 0  219.10«10.00
B B1B2
8110.00
8110.00
CHS 0  219.10x12.50 
CHS 0  219.10*12.50
W VIV2
6570.00
3190.00
CHS 0  219.10*10.00 
CHS 0 193.70x5.40
T, B and W relate to the top layeri bottom Layer and web members» respectively.
Tl and B1 relate to the boundary members oF the top and bottom layers> respectively.
T2 and B2 relate to the non-boundary members oF the top and bottom Layersj respectively.
W1 and W2 relate to the web members oF the boundary and non-boundary modules» respectively.
RCD stands For ’reduced cross-section density".
MODIFICATION OF APPLIED LOADS FOR RENECTURES
Loads applied to a renecture should be modified for overhanging effects.
The length of an overhang increases as the dilation factor is increased.
Hence, the moment effects induced are increased as the density of the 
structure increases, Fig 5.40a and 5.40b. However, a system of 
corrective forces may be applied to each renecture for balancing the
increase in the overhang moment effects. Let M and Mr be the moments 
corresponding to sections 1-1 and 2-2 in the structure and renecture,
respectively, Fig 5.40. These moments can be expressed as
M = n l -P I -L I
5.33
Mr = n2-P2-L2
where nl and n2 are the numbers of top layer joints along sections 1-1 
and 2-2, respectively, and where PI and P2 are the external point loads
applied to all the top layer joints of the structure and renecture,
respectively. Also, LI and L2 are the lengths of overhangs in the 
structure and renecture, respectively. Considering the earlier 
discussion regarding the dilation factor in Section 5.2.2, one can write
nl/n2 = f  and L2/L1 = f  5.34
where f  is the dilation factor. The areas used for estimating point
loads PI and P2 are shown shaded in Figs 5.40a and 5.40b. It  is seen
2
that the area relating to load P2 is f  times that of load PI. On the 
other hand, the load intensities should be the same for the structure and 
its renectures; thus,
P2/P1 = f 2 5.35
Using Eqs 5.33 and 5.34, moment Mr can approximately be expressed in
terms of moment M and dilation factor f  as
Mr = M -f2 5.36
estimating
Structure
Area used in 
estimating Load P2
Renecture
( b )
Fig 5.40
0-
See Fig 5.42
Renecture
Direction 1
Fig 5.41
cv
c
o
Fig 5.42
Hence, the increase in the overhang moment at section 1-1 is
AM = Hr -  M = M(f -  1)
or
am = nl-PI- L I-(f  -  1) 5.37
The increase in the moment, AM, can be balanced by applying a system of
vertical forces to the edge region of the renecture. These forces should 
be such that their vertical resultant is vanished, while their resultant 
moment is equal to AM. Such forces applied to joints A, B and C of the 
renecture are shown in Fig 5.41, where vertical force P1 is obtained from
P' = AM/(n2-L2) 5.38
Substituting for AM from Eq 5.37 into Eq 5.38, one can obtains
P' = Pl(f2 -  1) 5.39
Since the overhang is continued all around the structure, such
corrective forces should be applied to all around the renecture. As a
consequence of this, the corner joints, denoted by C, are subjected to
the overhanging effects from two perpendicular directions. Fig 5.42a
shows the necessary corrective forces applied to the joints of a typical
corner of the renecture. The solid lines in this figure are used to 
indicate the corrective forces corresponding to a direction, say 
direction 1, and dashed lines are used for those corresponding to the 
other direction. The final result is shown in Fig 5.42b. As i t  is seen, 
the corrective forces should be applied to three different types of
joints designated as types A, B and C. The forces applied to these 
joints are as follows:
(a) joints type A are subjected to the vertical upward force P1,
(b) joints type B are subjected to the vertical downward force P‘ and
(c) joints type C are subjected to the vertical upward force P'/2.
The values of the corrective forces for renectures 1, 2 and 3 are as
follows (all values are given in kN):
Joint type A Joint type B Joint type C
Renecture 1 8.203 -8.203 4.101
Renecture 2 22.722 -22.722 11.361
Renecture 3 52.200 -52.200 26.100
TABLE 5.18.2
Re
ne
ct
ur
e Coordinates oF the point PermitLage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
42000.0 42000.0 0.0 972 0.882 0.842 4.75
L . 30000.0 42000.0 0.0 931 0.8B1 0.842 4.63
C
o
Qj
42000.0 26000.0 0.0 864 0.8B0 0.842 4.51
• H  
•*->
d
_ < 26000.0 50000.0 0.0 76B 0.878 0.842 4.28
u
Qj E 38000.0 14000.0 0.0 517 0.898 0.842 6.65r i O-*> 14000.0 22000.0 0.0 405 0.903 0.842 7.24
a j -*>□ 14000.0 62000.0 0.0 270 0.938 0.842 11 .40
a CO 6000.0 42000.0 0.0 175 0.957 0.842 13.66
70000.0 50000.0 0.0 156 0.952 0.842 13.06
25000.0 21000.0 3200.0 988 623 0.882 0.842 4.75
31000.0 49000.0 3200.0 900 568 0.838 0.842 -0.4B
t_ 33000.0 45000.0 3200.0 810 511 0.867 0.842 2.97
27000.0 29000.0 3200.0 707 446 0.872 0.842 3.56—* 63000.0 41000.0 3200.0 604 381 1.014 0.842 20.43 *n_ 27000.0 63000.0 3200.0 426 269 0.894 0.842 6.18o
i— 5000.0 21000.0 3200.0 392 247 0.993 0.842 17.93 *
59000.0 5000.0 3200.0 371 234 0.963 0.842 14.37
CO 5000.0 71000.0 3200.0 154 97 0.716 0.842 -14.96
36000.0 46000.0 0.0 940 940 0.862 0.842 2.38
Q £
t . 48000.0 30000.0 0.0 884 884 0.861 0.842 2.26
Qj 26000.0 44000.0 0.0 846 846 0.859 0.842 2.02
Qj
d 56000.0 34000.0 0.0 781 7B1 0.864 0.842 2.61
U
t E 60000.0 34000.0 0.0 669 669 0.869 0.842 3.21
5 
11
O
■+> 24000.0 58000.0 0.0 533 533 0.870 0.842 3.33
□ 68000.0 58000.0 0.0 222 222 0.B75 0.842 3.92
m 66000.0 40000.0 0.0 167 167 0.956 0.842 13.54
72000.0 42000.0 0.0 119 119 0.897 0.842 6.53
5000.0 38000.0 1600.0 999 580 1.101 0.842 30.76 *
5000.0 30000.0 1600.0 943 547 1.106 0.842 31.35*
69000.0 34000.0 1600.0 872 506 1.018 0.842 20.7B#
.O 13000.0 38000.0 1600.0 634 36B 0.B44 0.B42 0.24
0J 65000.0 22000.0 1600.0 546 317 0.848 0.842 0.71
65000.0 58000.0 1600.0 446 259 0.858 0.842 1.90
49000.0 22000.0 1600.0 167 108 0.839 0.842 -0.36
73000.0 66000.0 1600.0 171 399 1.007 0.842 19.60 *
65000.0 2000.0 1600.0 100 58 0.697 0.842 -17.22
WRT stands For ’ with respect t o ' DeFlection Factor = 0.2310 mm Stress Factor = 0.1577 N/ram.2
TABLE 5.18.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
VRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
42000.0 42000.0 0.0 972 0.769 0.684 12.43
30000.0 42000.0 0.0 931 0.771 0.684 12.72
C
o
Qi 42000.0 26000.0 0.0 864 0.770 0.684 12.57
• r - l 
•«-> 26000.0 50000.0 0.0 768 0.770 0.684 12.57
u E 3Q000.0 14000.0 0.0 517 0.796 0.684 16.37
O
*-> 14000.0 22000.0 0.0 405 0.808 0.684 18.13
01 *>□ 14000.0 62000.0 0.0 270 0.834 0.684 21 .93C3 CD 6000.0 42000.0 0.0 175 0.954 0.684 39.47
70000.0 50000.0 0.0 156 0.971 0.684 41.96
25000.0 21000.0 3200.0 988 623 0.786 0.684 14.91
31000.0 49000.0 3200.0 900 56B 0.728 0.684 6.43
(. 33000.0 45000.0 3200.0 810 511 0.736 0.684 7.60Qi
ZT> 27000.0 29000.0 3200.0 707 446 0.752 0.684 9.94d
63000.0 41000.0 3200.0 604 381 0.840 0.684 22.81 *
CL 27000.0 63000.0 3200.0 426 269 0.803 0.684 17.40
O
1— 5000.0 21000.0 3200.0 392 247 1.055 0.684 54.24 *
CNJ 59000.0 5000.0 3200.0 371 234 0.914 0.684 33.63
CO 5000.0 71000.0 3200.0 154 97 0.553 0.684 -19.15
36000.0 46000.0 0.0 940 940 0.731 0.684 1 6.87
DC
l_ 48000.0 30000.0 0.0 884 884 0.735 0.684 7.46
Oi 26000.0 44000.0 0.0 846 846 0.731 0.684 6.87
OJ
a 56000.0 34000.0 0.0 781 781 0.741 0.684 8.33
e 60000.0 34000.0 0.0 669 669 0.747 0.684 9.21
O o 24000.0 58000.0 0.0 533 533 0.751 0.684 9.80U- *»o 68000.0 58000.0 0.0 222 222 0.772 0.684 12.87
m 66000.0 40000.0 0.0 167 167 0.930 0.684 35.96
72000.0 42000.0 0.0 119 119 0.845 0.684 23.54
5000.0 38000.0 1600.0 999 580 1.249 0.684 82.60 *
5000.0 30000.0 1600.0 943 547 1.299 0.684 89.91 *
69000.0 34000.0 1600.0 872 506 1.020 0.684 49.12 *
r> 13000.0 38000.0 1600.0 634 36B 0.689 0.684 0.73
Oi 65000.0 22000.0 1600.0 546 317 0.701 0.684 2.49
65000.0 58000.0 1600.0 446 259 0.714 0.684 4.39
49000.0 22000.0 1600.0 187 10B 0.680 0.684 -0.5B
73000.0 66000.0 1600.0 171 399 0.860 0.684 25.73 *
65000.0 2000.0 1600.0 100 58 0.516 0.684 -24.56
42000.0 42000.0 0.0 972 0.646 0.526 22.81
L 30000.0 42000.0 0.0 931 0.657 0.526 24.90
co 42000.0 26000.0 0.0 864 0.655 0.526 24.52ci 26000.0 50000.0 0.0 76B 0.665 0.526 26.43
U
0 / E 38000.0 14000.0 0.0 517 0.729 0.526 38.59
ft.
□*-> 14000.0 22000.0 0.0 405 0.768 0.526 46.01
0/Q O 14000.0 62000.0 0.0 270 0.841 0.526 59.89
CD 6000.0 42000.0 0.0 175 1.106 0.526 110.27
70000.0 50000.0 0.0 156 1.104 0.526 109.B9
25000.0 21000.0 3200.0 988 623 0.596 0.526 13.31
31000.0 49000.0 3200.0 900 56B 0.600 0.526 14.07
l_
Qi 33000.0 45000.0 3200.0 810 511 0.631 0.526 19.96
Dl 27000.0 29000.0 3200.0 707 446 0.635 0.526 20.72
—» 63000.0 41000.0 3200.0 604 381 0.678 0.526 28.90
CL 27000.0 63000.0 3200.0 426 269 0.745 0.526 41 .63
Oh— 5000.0 21000.0 3200.0 392 247 1.072 0.526 103.80 *
CO 59000.0 5000.0 3200.0 371 234 0.930 0.526 76.81
CO 5000.0 71000.0 3200.0 154 97 0.428 0.526 -18.63"T 36000.0 46000.0 0.0 940 940 0.603 0.526 14.64
DC 48000.0 30000.0 0.0 884 884 0.606 0.526 15.21
Qi 26000.0 44000.0 0.0 846 846 0.600 0.526 14.07
ai
ci 56000.0 34000.0 0.0 781 781 0.611 0.526 16.16
uL E 60000.0 34000.0 0.0 669 669 0.617 0.526 17.30
i£
□ 24000.0 58000.0 0.0 533 533 0.626 0.526 19.01
O 68000.0 58000.0 0.0 222 222 0.701 0.526 33.27
CD 66000.0 40000.0 0.0 167 167 0.9B9 0.526 88.02
72000.0 42000.0 0.0 119 119 0.735 0.526 39.73
5000.0 38000.0 1600.0 999 580 1.526 0.526 190.0 *
5000.0 30000.0 1600.0 943 547 1 .630 0.526 209.80
69000.0 34000.0 1600.0 872 506 0.976 0.526 85.55 *
XI 13000.0 38000.0 1600.0 634 368 0.534 0.526 1 .52
Qi
3* 65000.0 22000.0 1600.0 546 317 0.6B1 0.526 29.47
65000.0 58000.0 1600.0 446 259 0.702 0.526 33.46
49000.0 22000.0 1600.0 187 10B 0.525 0.526 -0.19
73000.0 66000.0 1600.0 171 399 0.B79 0.526 90.11
65000.0 2000.0 1600.0 100 58 0.380 0.526 -27.76
VRT stands For ' with respect t o ' DeFlection Factor = 0.2340 mm Stress Factor = 0.1577 N/mm 2
CASE 19 2 RdoF oF q workshop
Supports: The indicated bottom Layer joints are constrained as Follows: 
R Complete translational constraints 
Cl Vertical constraint
constraints in Y-and Z-directions
Loading: Point loads P applied at the indicated bottom layer joints.
V ‘v >p444 Ip*5PIp<B
x X
<B444$ 4pb4/b*W4 y?4 Ip4<BIppb444<&44444 pB4<B444 pb 44Pb
4 Ip4<b 4$ y?444^P
y?444 x*<B4 44Pb4444>4444 V 4<B <b*5P4<&4 < B4>p4 44 y? 4<§>4<$>444444y?44 <| External point loads 4 PB
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4 4 4 4444 444 44 4
<:  19.00 m
TABLE 5.19.1
Number
oF
joints
Number, 
oF 
members
Height
mm
Load
kN
E
kN/mm^
A
mm^
Section
Dimensions
mm
T T1T2
Structure 1121 3B-H 1000 P = -3.000
ca
eg
s
SI
e^
307.00
1B2.00
CHS 0 33.70*3.20 
CHS 0 21.30x3.20
B B1B2
23B.00
23B.00
CHS 0 26.90x3.20 
CHS 0 26.90x3.20
V VIV2
182.00
1B2.00
CHS 0 21.30x3.20 
CHS 0 21.30* 3.20
T T1T2
Renecture
1
B00 25BB 1000 P = -1.875
250.00
182.00
RCO
CHS 0 21.30*3.20
B B1B2
23B.00
23B.00
CHS 0 26.90 x 3.20 
CHS 0  26.90*3.20
V VIV2
182.00
182.00
CHS 0 21.30x3.20 
CHS 0 21.30X3.20
T T1T2
Renecture
2
533 1712 1000 P = -4.2B6
215.00
182.00
RCO
CHS 0 21.30x3.20
B B1
B2
23B.00
23B.00
CHS 0 26.90 x 3.20 
CHS 0 26.90x3.20
V VIV2
182.00
182.00
CHS 0  21.30*3.20 
CHS 0 21.30*3.20
T T1T2
Renecture
3
320 1016 1000 P *= -3.000
165.00
182.00
RCD
CHS B 21.30*3.20
B B1B2
23B.00
23B.00
CHS 0  26.90X3.20 
CHS 0 26.90X3.20
V VIV2
182.00
1B2.00
CHS 0  21.30X 3.20 
CHS 0  21.30x3.20
T, B and W relate to the top layer, bottom layer and web members, respectively.
T1 and B1 relate to the boundary members oF the top and bottom layers, respectively.
T2 and B2 relate to the non-boundary members oF the top and bottom Layers, respectively.
VI and W2 relate to the web members oF the boundary and non-boundary modules, respectively.
RCD stands For 'reduced cross-section density'.
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Position oF external Loads in renecture 2 Position oF external loads in renecture 3
TABLE 5.19.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
9500.0 500.0 0 .0 934 0.835 0 .842 -0 .8 3
h 7500.0 500.0 0 .0 869 0.832 0.842 -1 .19Co (US' B500.0 1500.0 0 .0 806 0.834 0 .842 -0 .9 5
• i—4 
hJ
a 4500.0 500.0 0 .0 585 0.844 0.842 0 .2 4u(Ll e 5500.0 3500.0 0 .0 490 0.853 0.842 1.31f i 3 10500.0 6500.0 0 .0 461 0.872 0.842 3 .5 6ai o 10500.0 10500.0 0 .0 295 0.915 0.842 8 .6 7
a ca 7500.0 10500.0 0 .0 282 0.916 0.842 8 .7 9
3500.0 5500.0 0 .0 270 0.908 0.842 7 .8 4
9000.0 0 .0 1000.0 1000 926 0.801 0.842 -4 .8 7
8000.0 0 .0 1000.0 955 884 0.799 0.842 -5 .1 1t, 12000.0 0 .0 1000.0 873 809 0.796 0.842 -5 .4 6S' 6000.0 0 .0 1000.0 770 713 0.800 0.842 -4 .9 9
—y 5000.0 0 .0 1000.0 647 599 0.806 0.842 -4 .2 8
□l 4000.0 0 .0 1000.0 513 475 0.820 0.842 -2 .6 1o1— 6750.0 7250.0 1000.0 210 194 0.850 0.842 0 .9 5
8250.0 11250.0 1000.0 187 173 0.8B0 0.842 4.51
cn 5250.0 14250.0 1000.0 130 120 0.869 0.842 3.21
9000.0 500.0 0 .0 999 999 0.840 0.842 -0 .2 4
DC L. 11000.0 500.0 0 .0 933 933 0.827 0.842 -1 .78
tu
s> 7000.0 500.0 0 .0 844 844 0.826 0.842 -1 .90
ai d  —* 13000.0 500.0 0 .0 741 741 0.830 0.842 -1 .43u
t_ E 11000.0 1500.0 0 .0 562 562 0.800 0.842 -4 .9 9
o  11 □ 7000.0 1500.0 0 .0 511 511 0.808 0.842 -4 .0 4-v>O 2000.0 500.0 0 .0 234 234 0.898 0.842 6 .6 5m 8500.0 5000.0 0 .0 111 111 0.848 0.842 0.71
16500.0 10000.0 0 .0 108 108 0.903 0.842 7 .2 4
1250.0 500.0 500.0 1000 242 1.080 1 .000 8.00  %-
2250.0 500.0 500.0 841 203 0.790 0.B42 -6 .1 8
16250.0 500.0 500.0 813 196 0.804 0.842 -4 .5 1
J3 5250.0 500.0 500.0 718 174 0.7BS 0.842 -6 .2 9ai;* 6250.0 500.0 500.0 655 158 0.798 0.842 -5 .2 3
17250.0 1500.0 500.0 530 128 0.820 0.842 -2 .6 1
10250.0 4500.0 500.0 223 54 2.402 1 .000 140.20 K
8250.0 6500.0 500.0 164 39 0.816 0.842 -3 .0 9
12250.0 5500.0 500.0 114 27 0.805 0.842 -4 .3 9
WRT stands For ' with respect to •  DeFlection Factor = 0.0562 mm Stress Factor— 0.1555 N/mm2
TABLE 5.19.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
9500.0 500.0 0.0 934 0.752 0.684 9.94
L. 7500.0 500.0 0.0 B69 0.761 0.684 11.26
C
o
Qlzn 8500.0 1500.0 0.0 B06 0.757 0.684 10.67
•H U 4500.0 500.0 0.0 585 0.782 0.684 14.33
u 5500.0 3500.0 0.0 490 0.7B3 0.664 14.47
—1 •fl 10500.0 6500.0 0.0 461 0.773 0.684 13.01
o 10500.0 10500.0 0.0 295 0.777 0.684 13.60a m 7500.0 10500.0 0.0 282 0.778 0.684 13.74
3500.0 5500.0 0.0 270 0.836 0.684 22.22
9000.0 0.0 1000.0 1000 926 0.726 0.684 6.14
8000.0 0.0 1000.0 955 884 0.728 0.684 6.43
t- 12000.0 0.0 1000.0 873 B09 0.725 0.684 5.99
ZJ* 6000.0 0.0 1000.0 770 713 0.732 0.684 7.02
b
5000.0 0.0 1000.0 647 599 0.748 0.684 9.36
a. 4000.0 0.0 1000.0 513 475 0.764 0.684 11 .70o
i— 6750.0 7250.0 1000.0 210 194 0.714 0.684 4.39
CM 8250.0 11250.0 1000.0 187 173 0.699 0.684 2.19
03 5250.0 14250.0 1000.0 130 120 0.730 0.684 6.73
9000.0 500.0 0.0 999 999 0.736 0.684 7.60C£
c. 11000.0 500.0 0.0 933 933 0.734 0.684 7.31
Ql
zn 7000.0 500.0 0.0 844 B44 0.728 0.684 6.43
Ql
C5 13000.0 500.0 0.0 741 741 0.738 0.684 7.89
U e 11000.0 1500.0 0.0 562 562 0.689 0.684 0.73
o o 7000.0 1500.0 0.0 511 511 0.675 0.684 -1.32
^io 2000.0 500.0 0.0 234 234 0.926 0.684 35.38 Jfc
m 8500.0 5000.0 0.0 111 111 0.726 0.684 6.14
16500.0 10000.0 0.0 108 108 0.738 0.684 7.89
1250.0 500.0 500.0 1000 242 1.245 1 .000 24.50 *
2250.0 500.0 500.0 841 203 0.680 0.684 -0.58
16250.0 500.0 500.0 813 196 0.693 0.684 1.32
n 5250.0 500.0 500.0 718 174 0.662 0.684 -3.22
01
> 6250.0 500.0 500.0 655 158 0.660 0.684 -3.51
17250.0 1500.0 500.0 530 12B 0.665 0.684 -2.78
10250.0 4500.0 500.0 223 54 1.313 1.000 31 .30 K
8250.0 6500.0 500.0 164 39 0.696 0.684 1.75
12250.0 5500.0 500.0 114 27 0.650 0.684 -4.97
9500.0 500.0 0.0 934 0.592 0.526 12.55
L. 7500.0 500.0 0.0 869 0.596 0.526 13.31
co
Ql
IT* 8500.0 1500.0 0.0 806 0.580 0.526 10.27
•H
•*>
ib 4500.0 500.0 0.0 585 0.622 0.526 IB.25
u
cu E 5500.0 3500.0 0.0 490 0.633 0.526 20.34
__s
ft
O 10500.0 6500.0 0.0 461 0.637 0.526 21.10
CLiQ o 10500.0 10500.0 0.0 295 0.691 0.526 31 .37
m 7500.0 10500.0 0.0 282 0.711 0.526 35.17
3500.0 5500.0 0.0 270 0.765 0.526 45.44
9000.0 0.0 1000.0 1000 926 0.542 0.526 3.04
8000.0 0.0 1000.0 955 884 0.539 0.526 2.47
u
Ql 12000.0 0.0 1000.0 873 809 0.542 0.526 3.04
6000.0 0.0 1000.0 770 713 0.552 0.526 4.94
_i 5000.0 0.0 1000.0 647 599 0.575 0.526 9.32
a. 4000.0 0.0 1000.0 513 475 0.618 0.526 17.49o 
i— 6750.0 7250.0 1000.0 210 194 0.598 0.526 13.69
CO 8250.0 11250.0 1000.0 187 173 0.607 0.526 15.40
03 5250.0 14250.0 1000.0 130 120 0.615 0.526 16.92
9000.0 500.0 0.0 999 999 0.585 0.526 11 .22
QC
L. 11000.0 500.0 0.0 933 933 0.576 0.526 9.51
Ql
7000.0 500.0 0.0 844 844 0.568 0.526 7.98
Ol
ib 13000.0 500.0 0.0 741 741 0.586 0.526 11.41
u
L E 11000.0 1500.0 0.0 562 562 0.502 0.526 -4.56
£ O 7000.0 1500.0 0.0 511 511 0.517 0.526 -1 .71•fl
O 2000.0 500.0 0.0 234 234 0.859 0.526 63.31 H-oo 8500.0 5000.0 0.0 111 111 0.555 0.526 5.51
16500.0 10000.0 0.0 106 108 0.659 0.526 25.29
1250.0 500.0 500.0 1000 242 1.766 1 .000 76.60 *
2250.0 500.0 500.0 841 203 0.561 0.526 6.65
16250.0 500.0 500.0 813 196 0.514 0.526 -2.28
J3 5250.0 500.0 500.0 718 174 0.488 0.526 -7.22
Ql 6250.0 500.0 500.0 655 158 0.469 0.526 -10.84
17250.0 1500.0 500.0 530 12B 0.470 0.526 -10.65
10250.0 4500.0 500.0 223 54 5.840 1 .000 484.00 *
8250.0 6500.0 500.0 164 39 0.628 0.528 18.94
12250.0 5500.0 500.0 114 27 0.479 0.526 -8.94
VRT stands For ‘ with respect to ' DeFlection Factor = 0.0562 mm Stress Factor = 0.1555 N/mra^
5.4.4 DISCUSSION
From a study of results, the following conclusions can be made:
(1) All the members of a grid, including the web and horizontal members, 
that are within one module distance in each direction from a support
are significantly influenced by the support action (Section 5.2.6). A 
similar conclusion can be made for the members that are near a
concentrated applied load. The renection factor for the horizontal 
members within such a distance has been considered to be 1/f. This, in 
some of the examples, has resulted in large errors. As i t  was mentioned 
earlier in Section 5.2.6, the ratio of the actual and calculated internal 
forces/stresses for such members depends not only on the dilation factor,
but on the ratio of the vertical and horizontal reactions at the support 
(Ry/Rx). This ratio deviates from 1/f and becomes closer to unity, as
ratio Ry/Rx is decreased (that is, horizontal reaction is increased), see 
curves of Fig 5.27. In some of the examples above, although grids are 
under vertical external load(s) only, all or some of the supports have 
considerable horizontal reactions. This is because, the number of
horizontal constraints in these cases are more than those which are
necessary for the rigid body stability of the grids. Examples 3 to 16
(excluding examples 9 and 15) are of this type. When the number of
supports in a grid is decreased, the relative importance of the 
horizontal reactions increases. This, in turn implies larger errors for
the horizontal members near the supports (compare the results for cases 3
and 4, for example).
(2) With the exception of boundary conditions, examples 8 and 9 are 
exactly the same. Both of the grids are supported at four corners.
However, all the supports in example 8 are fully constrained for
translation, while the supports of example 9 are restrained for vertical 
translation as well as those horizontal constraints that are necessary
for the rigid body stability of the structure. Comparison of results for
these cases clearly shows that the application of the renection method 
for example 9 would result in better approximation.
(3) In general, the resulting errors for those samples that are near a
support or near a concentrated external load are higher than those 
that are at a distance from the support/load.
(4) Comparison of results obtained for square on square grids having 
20x20 modules with those having 40x40 modules shows a little
improvement in the accuracy of the results for the latter.
(5) Examples 17 and 19 have been chosen to study the effects of changes 
in position of the applied loads due to the density reduction. The
resulting approximation for these cases are seen to be in an acceptable 
range.
(6) Example 18 shows the manner in which the problem of overhang can be 
dealt with. The results for this case are acceptable.
(7) The percentage errors for the members that are near the supports are 
particularly high in examples 5, 6, 11 and 14, which are instances
of multistorey buildings. The accuracy of results in these examples can 
considerably be improved i f  the value of the renection factor for such 
members is assumed to be unity.
(8) Comparison of results for renectures 1, 2 and 3 in each example shows 
that the percentage errors are increased as the renectures become
coarser. Also, the uniformity of errors for different samples is 
disturbed as the density is reduced.
(9) The results for deflections are normally more uniform and more
precise as compared with the results for internal forces/stresses.
(10) With the exception of the samples that are near an isolated 
support/load, the results show almost a similar pattern of errors
in different examples.
(11) The accuracy of the results for square and rectangular grids is 
almost the same.
(12) Using the results of all the cases (excluding examples 5, 6, 11 and
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14), variations of the average of the maximum errors for various
samples are illustrated in Figs 5.43a, 5.43b and 5.43c. Each figure
shows the variations of the average errors for deflection and
force/stress separately. It  may be seen from these figures that errors 
are increased as the dilation factor increases. Also, comparison of
these figures shows larger errors for samples that are from a lower range 
of deflection or force/stress.
I t  may be noticed that the estimated values of deflection and 
force/stress at a chosen point are normally less than the actual values 
at that point. A modification factor should thus be used to increase 
these values as described in the sequel.
5.5 MODIFICATION FACTOR
A study of the numerical worked examples shows that the results obtained 
from the renection method are normally underestimated. For these results 
to be on the safe side, they should be suitably increased. To do this, 
an estimated value of the force or stress should be multiplied by a 
factor grater than unity. This factor is referred to as the 
'modification factor' and is denoted by $. Factor ([) depends on the 
density, regularity and type of configuration of the structure as well as 
the dilation factor and permillage of the component. This factor can be 
determined using the results of the numerical studies.
Using the information given in Tables 5.1.1 to 5.19.3, Tables 5.20 
and 5.21 are arranged in the following manner:
(1) Tables 5.20 and 5.21 contain information relating to the cases 
subjected to the uniformly distributed load and concentrated point 
load(s), respectively.
(2) Each row in these tables relates to a numerical example.
(3) A value in a row of these tables is the maximum error in the top 
layer, bottom layer and web of the relevant grid ( in percentage)-
(4) The errors are given for three different renectures and for three
different ranges of forces/stresses per each renecture.
TABLE 5.20 (UDL)
Case
No
Renecture 1 Renecture 2 Renecture 3
A B C A B C A B C
1 4.25 4.38 7.88 10.50 11.33 18.33 23.50 25.25 31.75
3 6.25 12.30 27.38 9.50 18.83 37.33 18.25 36.00 237.0
4 6.63 19.75 16.00 16.50 20.83 20.17 36.25 40.50 51.75
10 11.50 19.00 13.60 31.50 23.17 68.67 76.00 73.25 34.25
12 4.75 15.88 8.25 10.50 14.33 32.00 18.50 79.50 110.8
15 4.25 6.42 7.94 13.12 26.72 41.60 35.54 145.3 140.0
18 4.75 3.56 14.37 14.91 9.94 33.83 14.64 29.47 76.81
TABLE 5.21 (Point Load (s))
Case
No
Renecture 1 Renecture 2 Renecture 3
A B C A B C A B C
2 6.00 6.25 0.75 14.83 16.66 2.17 29.50 36.00 4.00
7 5.00 8.38 6.50 11.66 20.17 16.50 21.50 37.00 29.00
8 6.75 7.13 11.00 15.00 25.17 31.83 26.75 67.50 75.00
9 4.50 4.88 8.63 10.00 32.33 30.64 24.00 57.50 45.00
13 3.88 5.63 6.75 13.67 20.33 15.00 40.00 72.25 32.75
16 7.08 5.11 19.14 18.88 13.60 53.60 38.97 25.26 166.74
17 5.97 3.75 8.80 14.72 11.20 25.92 30.51 39.20 95.43
19 -5.11 -6.29 6.65 7.60 11.70 13.74 11.22 17.49 45.44
TABLE 5.22
Renecture
UDL Point Load(s)
A B C A B C
R1 1.04-1.11 1.04-1.20 1.08-1.27 1.04-1.07 1.04-1.08 1.01-1.19
R2 1.10-1.17 1.11-1.27 1.18-1.42 1.08-1.19 1.11-1.32 1.14-1.54
R3 1.24-1.76 1.25-2.45 1.32-3.37 1.11-1.40 1.18-1.72 1.04-2.67
A for >90% B for >50% and <90% C for >20% and <50%
(5) In obtaining the maximum error in these tables, those results that 
are influenced by the local sharp variations have not been taken 
into account.
Using Tables 5.20 and 5.21, the upper and lower limits of factor (|)
for three ranges of forces/stresses can be listed as in Table 5.22. The
lower limits relate to a square on square grid with its boundary joints
supported along four edges. The upper limits relate to a grid having
only isolated supports at its corners and subjected to an unsymmetric
loading. The effects of configurations on the errors are not 
considerable as compared with the effects of load and support conditions. 
For example, i f  the percentage force in renecture 2 of a structure is
60% then the value of ratio (|) varies from
1.11 to 1.35 i f  the structure is under uniformly distributed load, and 
1.17 to 1.32 i f  the structure is subjected to concentrated load(s).
It  may be recalled that the dilation factors corresponding to renectures 
1 to 3 in the above tables are about 1.25, 1.65 and 2.5, respectively.
The values of (J) related to other dilation factors can be obtained by
interpolating the values given in Table 5.22.
5.6 RENECTIONAL DESIGN PROCESS
The principal aim for analysing a structure is to determine the internal
forces and displacements for different components of it. These 
components can then be designed so that to withstand the forces safely. 
In designing a spaceframe, only few different types of member 
cross-sections are normally selected for use throughout the structure.
The term 'division' is used to refer to a group of members that are of
the same cross-section. Thus, in a structure with m different member
cross-sections there exist m different divisions. In designing a
structure, i t  is only necessary to predict the unknown values of
forces/stresses for crucial members in each division. Considering these
facts, the results of analysis for a renecture can directly be used for
designing the original structure.
To elaborate, suppose i t  is required to design the bottom layer of 
the grid in Case 3, using three different divisions. Let the results of 
analysis for second renecture of the structure with f=1.666 be used for 
this purpose. Due to symmetry i t  was possible to work with only (l/4th) 
of the structure. The plan view of the bottom layer of this part of the 
structure and the relevant analysis results for the renecture are shown 
in Figs 5.44a and 5.44b, respectively. Considering the pattern of force 
distribution in Fig 5.44b, a reasonable suggestion is to divide the 
structure into three divisions, numbered 1 to 3, as shown with different 
shades in Figs 5.44a and 5.44b.
The maximum force in a division of the structure can then be
determined by using the value of the maximum force in the corresponding 
region of the renecture multiplied by the appropriate renection factor. 
The maximum permillages in divisions 1 to 3 are 1000, 803 and 520,
respectively. The force factor given at the bottom of Fig 5.44b is equal
to 1.047 kN. Thus, the values of the maximum axial forces in divisions 1 
to 3, denoted by FI to F3, are estimated as follows:
FI = 1/1.666 x 1000 x 1.047 = 628.45 kN
F2 = 1/ 1 . 6 6 6  x 829 x 1.047 = 520.99 kN
F3 = 1/1.666 x 520 x 1.047 = 326.79 kN
The values of FI, F2 and F3 should by modified by factor (|). The
structure in Case 3 is a square on square grid subjected to uniformly 
distributed load, and its boundary joints are supported at equal 
intervals along four sides. This is a regular case for uniformly
distributed loading. Thus, referring to Table 5.22, the values of factor 
$ corresponding to FI to F3 can be considered as 1.12, 1.15 and 1.20.
The estimated values FI, F2 and F3 can then be modified as follows:
Flm = 1.12 x 628.45 = 703.86 kN
F2m = 1.15 x 520.99 = 599.14 kN 
F3m = 1.20 X 326.79 = 392.15 kN
where Flm, F2m and F3m are the modified values corresponding to FI, F2 
and F3, respectively. To give an idea about the accuracy of the 
approach, the actual values of FI, F2 and F3, have also been calculated
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using the results of analysis of the original structure. These values 
corresponding to FI, F2 and F3, denoted by Fla, F2a and F3a are as 
follows:
Fla = 1000 x 0.68425 = 684.25 kN
F2a = 894 x 0.68425 = 611.72 kN
F3a = 577 x 0.68425 = 394.81 kN
The results of analysis for the relevant quarter of the bottom layer of
the structure is shown in Fig 5.45.
The members of the bottom layer can now be designed using the
modified estimated values. This would result in new cross-sections for 
the bottom layer members. The analysis of the renecture should then be
repeated by considering the new cross-sections.
The above approach allows direct application of the renection
method in design problems. When using this approach, the interpolation 
of analytical results is no longer necessary for transforming the results 
of a renecture to the original structure. As a consequence of this, the 
local sharp variations cannot considerably affect the results of the 
renection method.
CHAPTER 6
COMPOSITE DOUBLE LAYER GRIDS
6.1 INTRODUCTION
Double layer grids are usually covered with a continuous roofing or 
flooring system. A double layer grid combined with an integrated 
concrete slab at its top is referred to as a 'composite double layer 
grid'.
A family of structures of this type are composite double layer 
grids used as floors of multistorey buildings. There is a particular 
type of composite double layer grids in which the grid is made from 
reinforcement bars, and then a thin layer of concrete is cast on its top. 
The slip between the grid and slab is prevented, either by the natural 
bonding between the steel and concrete or by shear connector devices 
welded to the grid and embedded in the concrete. Fig 6.1 shows some 
practical connections for use in these structures. Although, these 
structures seem to involve large amounts of welding, they can be produced 
readily by using robotic jigs.
This chapter provides an introduction to the application of the 
renection method for composite double layer grids and contains the 
results of the numerical studies earned out for this purpose. The 
general principles of the method, described in the previous chapter, are 
identical for these structures. The main difference is due to the 
effects of the slab which is discussed in the sequel.
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6.2 SLAB
In a composite double layer grid, when the density of the grid itself is 
reduced, the density of the cross-section of the slab should also be 
reduced. For the density of the structure to be reduced uniformly 
throughout, i t  is necessary that the cross-section reduction for the slab 
to be the same as the density reduction for the skeleton grid. As i t  was 
mentioned in the previous chapter, the ratio of density reduction for a 
given grid is almost equal to the inverse of the dilation factor. 
Therefore, the geometric properties of the slab such as, cross-sectional 
area, second moment of area and section modulus should be reduced by the 
ratio 1/f.
Figs 6.2a and 6.2b show two unit strips from the slabs of the 
structure and renecture, respectively. The cross-section of each strip 
can be visualised as consisting of a set of fibres lying along the 
length. The number of these fibres in Fig 6.2b is 1 /f  of that in Fig 
6.2a.
Each section properly of slab of Fig 6.2a is f  times that of slab
of Fig 6.2b, while the overall dimensions of the slabs are identical. 
For section properties of the slab of the structure to be reduced 
uniformly with respect to the ratio 1/f, i t  is necessary to use a routine 
for evaluation of the stiffness matrix of the slab element taking into
account the dilation factor f. Subsequently, the analysis of a composite 
double layer grid can be earned out in the usual way.
However, in the numerical studies of this chapter, a more 
approximate but simpler approach was utilised which is descrhed in the
sequel. In this approach only the thickness of the slab of a structure 
is reduced for obtaining its renecture.
Consider, a composite double layer grid and a renecture of i t  with 
the dilation factor f. Let t  be the thickness of the slab in the 
structure, and t / f  be that in the renecture. Assuming f=1.5, two typical 
unit width strips from the structure and renecture denoted by SI and S2
are shown in Figs 6.3a and 6.3b, respectively. The skeletal members in 
SI and S2 are of the same cross-section. It is seen that the 
cross-sectional areas of different structural components in strip SI have 
been reduced uniformly to obtain strip S2. In other words, the similar 
structural components of the grids have similar proportions. For
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example, the cross section of the slab in strip SI is 1.5 times that in
S2. Also, the total cross-sectional areas of the bottom layer members in 
SI is 1.5 times that in S2. On the other hand, both the structure and 
its renecture have almost the same overall dimensions, interconnection
pattern, member geometries, material properties, load and support 
conditions. Therefore, the amount of each component of stress resultant 
at a chosen point of the slab of the structure is almost the same as that 
in the corresponding point of the renecture.
The second moment of area of the slab with respect to its own 
mid-surface in strip SI is 3.375 times that in S2, while the dilation 
factor is only 1.50. This difference, however, cannot considerably
affect the similarity of behaviours of the grids, since the second moment 
of area of the slab itself is small as compared with that for the 
structure.
Now, let i be a typical point in the slab of the structure, and let 
j  be the corresponding point in the renecture. Suppose, N and M are the 
stress resultant vectors at these points corresponding to the membrane
and bending actions, respectively. The values of stresses at point i for 
a unit width of slab are
dn = N/t
and 6.1
(5m = 6  M/t2
where dn and dm are the vectors of the memberane and bending stresses at 
point i, respectively. Similarly, for point j  of the renecture, one can 
write
dnr = f  N/t
and 6.2
dmr = 6 f2 M /t2
where dnr and dmr are the vectors of the memberane and bending stresses 
at point j, respectively. Substituting Eq 6.1 into Eq 6.2 gives the 
relationships between the stresses at point i of the structure and point 
j  for the renecture as follows:
tin = 1 /f tinr 6.3
and
Cfm = 1 /f2 timr 6.4
It  is seen that Eq 6.3 has the same form as Eq 5.3 in the previous
chapter, while Eq 6.4 is rather different.
In the worked examples of this chapter, in addition to the normal
principal stresses, the maximum shear stresses have been evaluated for
different fibres. These stresses can be obtained from
Tmax = (tfl-tf2)/2 6.5
where til and ti2 are the normal principal stresses and tmax is the maximum 
shear stress.
It  is believed that the application of the approach used in
connection with the slab, cannot considerably affect the results for the
skeletal part of a composite double layer grid. Also, the results for
membrane stresses are expected to be more accurate than those for the
bending stresses.
It  should be pointed out that, in the analysis of a composite
double layer grid the mid-surface of the slab has been assumed to be
coincident with the centroidal axes of the top layer members (see Fig
6.3). In practice, however, the slab may be cast on top of the top layer
members. As a consequence of this, there is an eccentricity of e related
to the slab elements given by
where t  is the slab thickness and D is the vertical dimension of the 
cross-section of top layer members. This eccentricity has normally 
secondary effects on the results of analysis and hence has not been taken 
into account in this work.
The application of the renection method has so far been described 
in cortfunction with a particular family of composite double layer grids. 
However, there exist a number of other types of composite double layer 
grids, amongst which, there is a double layer grid combined with an 
integrated metal or fibre cement sheeting. In all such cases the
e = t/2 + D/2 6.6
renection method can be applied in a manner similar to that described 
above.
6.3 NUMERICAL STUDIES
Five different examples have been chosen to study the application of the 
renection method for composite double layer grids. The skeletal part of
the structures in examples 1 to 4 have been studied in Chapter 5 as
examples 3, 8, 6 and 14, respectively. This allows not only the
comparison of the results of application of the method for two different 
classes of structures, but provides a suitable basis for studying the 
effects of the slab on the behaviour of composite double layer grids.
Grids of examples 1 to 4 are all square on square. The last
example, which is diagonal on diagonal, is intended to be a bridge. This
example has been chosen to study the effects of unsymmetric loading as
well as the effects of overhang.
In presenting the results of the application of the renection
method for the examples, an approach similar to that for the examples of 
non-composite double layer grids has been employed. Three different
tables have been used in these examples consisting of: (i) table of
information used in the analysis, (ii) table of the results of comparison 
of forces and displacements in the skeletal part of the structure and its
renectures and (iii) table of results of comparison of principal stresses 
in the slabs of the structure and its renectures.
With the exception of one additional column, which has been used 
for presenting the slab thicknesses in the structure and its renectures,
the firs t table has exactly the same layout as that in the case of
non-composite structures. All the skeletal members in each example have 
been chosen in accordance with BS 4848: Part 2. Amongst the geometric 
properties of the sections, only the cross-sectional areas and section 
dimensions have been presented in the table. Moduli of elasticity and 
Poison's ratios for the skeletal members and slab elements have been 
given separately together with this table.
The second table has exactly the same layout as the second table in 
the case of non-composite grids.
The third table contains the results of comparison of normal
principal stresses and maximum shear stresses at a number of random
sample points for the structure and its renectures. The manner in which
these samples have been selected is exactly the same as that for the
non-composite grids. The columns used in this table contain the
following items of information:
(1) The items in the first three columns are the coordinates of sample 
points in the structure.
(2) The items in the fourth, fifth and sixth columns represent the
ratios of the principal stresses and maximum shear stress at a
sample point of the structure with respect to the corresponding maximum 
in the structure. The absolute values of the normal principal stresses 
can be assessed from the relevant permillages multiplied by the stress 
factor given at the bottom of the table. The absolute value of the
maximum shear at such a point can then be obtained using the values of 
the normal principal stresses (Eq 6.5). The sign of the principal
stresses have been indicated in the graphical outputs.
(3) The items in the seventh, eighth and ninth columns represent the
ratios of the normal principal stresses and maximum shear stress at
a sample point of a structure and those of its renectures.
(4) An item in the tenth column represents the estimated value for the 
renection factor, which is inversely proportional to the dilation
factor. This ratio has been referred to as the 'estimated ratio' in the
table.
(5) The items in the three last columns represent the percentage errors 
in the estimated ratios for the structure and its renectures. A
positive value in this column implies that the ratio has been 
underestimated. Symbols *  and f  used in these columns indicate that the 
samples are situated in the regions with sharp variations or near an 
isolated support/load, respectively.
Each case has been identified by a number followed by lower case c, 
where c is for 'composite' grid.
The ratio of internal force/stress in a web member of the structure
and that of the corresponding estimated member force in its renectures 
should be modified for the effects of changes in the angle of 
inclination. The modification factors for cases lc to 4c can be obtained 
from table 5.1, where cases lc, 2c 3c and 4c correspond to cases 3, 8, 6
and 14 of the previous chapter, respectively. These factors related to 
case 5c, for three different renectures are 0.968, 0.912 and 0.809.
6.3.1 EXAMPLES 1 To 5
In the following pages the results of application of the renection method 
for five different cases are presented.
CASE 1 C ! RooF oF a Leisure centre
Supports: The indicated top Layer jo ints
are FuLLy restrained For transLation.
Loading: UDL consisting op:
Dead Load = 1.25 kN/m^
Snow Load =0 .75  kN/m^
The Load is appLied at the top Layer 
jo ints as point Loads P.
The moduLus oF eLasitcity For the skeLetaL 
and sLab elements are 200 and 20 kN/mm^ , 
respectiveLy.
Poison's r a t io  For the skeLetaL and sLab
eLements are  0 .3 0  and 0 .1 8 , _ .nl r-  ^ <, . . TABLE b . l .1
2 It*:
•10.00 n
Number
oF
jo in t s
Number
oF
members
H e ig h t
mm
Load
kN
SLab 
T h ic k ­
ness <mm>
A
mm^
S e c tio n
Dim ensions
mm
T 8110.00 CHS 0 219.10 12.50
B S tru c tu re 3ZB1 12800 3000 p = -8.000 10.00 6570.00 CHS 0 219.10 10.00
V 2570.00 CHS 0 168.30 5.00
T
Renecture
1c
8110.00 CHS 0 219.10 12.50
B 2113 81S2 3000 p =-12.319 8.00 657B.00 CHS 0 219.10 10.00
V 2570.00 CHS 0 168.30 5.00
T 8110.00 CHS 0 219.10 12.50
B Renecture
2c
1201 1608 3000 p =-21.517 6.00 6370.00 CHS 0 219.10 10.00
V 2570.00 CHS 0 168.30 5.00
T
R enecture
3c
8110.00 CHS 0 219.10 12.50
B 513 2018 3000 p =-16.533 1.00 6570.00 CHS 0 219.10 10.00
V 2570.00 CHS 0 168.30 5.00
T , B and W stand For top  la y e r ,  bottom Layer and web members, re s p e c tiv e L y ,
TABLES.1.2
R
en
ec
tu
re Coordinates oF the point FermiLLage 
WRT th e  
Layer
Perm itLage  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercen tag e
E rro r
X
mm
r
mm
z
mm
33000.0 39000.0 0 .0 962 0.823 0.800 2 .8 8
c 33000.0 35000.0 0 .0 945 0.824 0 .800 3 .0 0
C
o
Ql 27000.0 29000.0 0 .0 79B 0.825 0.800 3 .1 3
•HH->
d 19000.0 33000.0 0 .0 622 0.826 0.800 3 .2 5
u
(Li E 23000.0 17000.0 0 .0 499 0.828 0.800 3 .5 0
11 O-*> 11000.0 35000.0 0 .0 420 0.829 0.800 3 .6 3
Of o 23000.0 11000.0 0 .0 342 0.831 0.800 3 .88Q m 9000.0 19000.0 0 .0 248 0.833 0.800 4 .1 2
3000.0 29000.0 0 .0 116 0.846 0.800 5 .7 5
40000.0 1000.0 3000.0 1000 1000 0.933 0.800 16.63 t
1000.0 30000.0 3000.0 931 931 0.934 0.800 16.75 f
L . 1000.0 20000.0 3000.0 727 727 0.935 0.800 16.87 -J-
=7* 3000.0 40000.0 3000.0 608 60S 0.831 0.800 3 .8 8
C5
mm* 20000.0 3000.0 3000.0 437 437 0.832 0.800 4 .00
Q . 10000.0 1000.0 3000.0 412 412 0.939 0.800 17.38 tO
H - 32000.0 39000.0 3000.0 236 236 0.834 0.800 4 .2 5
u 33000.0 16000.0 3000.0 138 13B 0.841 0.800 5 .1 3
22000.0 23000.0 3000.0 134 134 0.852 0.800 6 .5 0
33000.0 40000.0 0 .0 960 656 0.810 0.800 J .25
L. 34000.0 33000.0 0 .0 940 642 0.811 0.800 1.38
CD 29000.0 36000.0 0 .0 899 614 0.611 0.800 1 .38
CD
Cl 12000.0 31000.0 0 .0 568 388 0.823 0.800 2 .88
U E 16000.0 21000.0 0 .0 536 366 0.817 0.800 2 .1 3fe 11 O 15000.0 18000.0 0 .0 412 281 0.808 0.800 1 .00
o 16000.0 15000.0 0 .0 380 260 0.806 0.800 0 .7 5CQ 11000.0 16000.0 0 .0 317 217 0.820 0.800 2 .5 0
6000.0 21000.0 0 .0 311 212 0.860 0.800 7 .5 0
500.0 29500.0 1500.0 947 314 1.008 1 .000 0 .80
500.0 19500.0 1500.0 807 26B 0.993 1 .000 -0 .7 0
20500.0 500.0 1500.0 728 242 1.049 1 .000 4 .9 0
n 500.0 9500.0 1500.0 569 189 0.965 1 .000 -3 .5 0
CD 10500.0 500.0 1500.0 461 153 1.083 1 .000 8 .30
500.0 38500.0 1500.0 266 8B 0.797 0.800 -0 .3 7
22500.0 4500.0 1500.0 152 50 0.863 0.800 7 .8 8
34500.0 4500.0 1500.0 144 48 0.851 0.800 6 .3 7
24500.0 10500.0 1500.0 100 33 0.923 0.800 15.38
WRT stands For 'w ith  respect to ' DeFLection Factor = 0.M73 mm Force Factor = 0.9394 kN
TABLE 6.1.2 (continued)
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33000.0 39000.0 0 .0 962 0.644 0.600 7 .3 3
L. 33000.0 35000.0 0 .0 945 0.645 0.600 7 .5 0
co
CUrx» 27000.0 29000.0 0 .0 798 0.648 0.600 8 .00
•*>
d 19000.0 33000.0 0 .0 622 0.650 0.600 8 .3 3
uCi E 23000.0 17000.0 0 .0 499 0.653 0.600 8 .83O 11000.0 35000.0 0 .0 420 0.654 0.600 9 .00
% o 23000.0 11000.0 0 .0 342 0.658 0.600 9 .67Q m 9000.0 19000.0 0 .0 248 0.662 0.600 10.33
3000.0 29000.0 0 .0 116 0.6B2 0.600 13.67
40000.0 1000.0 3000.0 1000 1000 0.859 0.600 43 .17  t
1000.0 30000.0 3000.0 931 931 0.861 0.600 43 .50  f
L. 1000.0 20000.0 3000.0 727 727 0.863 0.600 4 3 .B3 f
IP 3000.0 40000.0 3000.0 608 60S 0.697 0.600 16.17d 20000.0 3000.0 3000.0 437 437 0.697 0.600 16.17
Q_ 10000.0 1000.0 3000.0 412 412 0.795 0.600 32 .50  +OH 32000.0 39000.0 3000.0 236 236 0.668 0.600 11.33
u 33000.0 1G000.0 3000.0 138 138 0.679 0.600 13.17
22000.0 23000.0 3000.0 134 134 0.711 0.600 18.50
33000.0 40000.0 0 .0 960 656 0.624 0.600 4 .0 00£ L. 34000.0 33000.0 0 .0 940 642 0.624 0.600 4 .0 0CDIP 29000.0 36000.0 0 .0 899 614 0.625 0.600 4 .17
cu
d 12000.0 31000.0 0 .0 568 38B 0.653 0.600 8 .83
u E 1G000.0 21000.0 0 .0 536 366 0.639 0.600 6 .5 0
o11 O 15000.0 18000.0 0 .0 412 281 0.628 0.600 4 .6 7
o 1G000.0 15000.0 0 .0 380 260 0.625 0.600 4 .1 7
m 11000.0 1G000.0 0 .0 317 217 0.643 0.600 7 .1 7
6000.0 21000.0 0 .0 311 212 0.723 0 .600 20 .50
500.0 29500.0 1500.0 947 314 1.027 1 .000 2 .7 0
500.0 19500.0 1500.0 007 268 0.97B 1 .000 -2 .2 0
20500.0 500.0 1500.0 728 242 1.180 1 .000 18.00
r> 500.0 9500.0 1500.0 569 189 0.904 1 .000 -9 .6 0
CU 10500.0 500.0 1500.0 461 153 1.344 1 .000 34 .40
500.0 38500.0 1500.0 266 8B 0.626 0.600 4 .33
22500.0 4500.0 1500.0 152 50 0.791 0.600 31 .83
34500.0 4500.0 1500.0 144 48 0.695 0.60B 15.83
24500.0 10500.0 1500.0 100 33 0.867 0.600 44 .50
33000.0 39000.0 0 .0 962 0.461 0.400 15.25
L. 33000.0 35000.0 0 .0 945 0.467 0.400 16.75
co
CU
IP 27000.0 29000.0 0 .0 79B 0.468 0.400 17.00
•H d 19000.0 33000.0 0 .0 622 0.470 0.400 17.50
u
(Li E 23000.0 17000.0 0 .0 499 0.472 0.400 18.00
ft
O
•P 11000.0 35000.0 0 .0 420 0.478 0.400 19.50
OlQ
•Po 23000.0 11000.0 0 .0 342 0.479 0.400 19.75m 9000.0 19000.0 0 .0 248 0.4B5 0.400 21 .25
3000.0 29000.0 0 .0 116 0.505 0.400 26 .25
40000.0 1000.0 3000.0 1000 1000 0.7B5 0.400 96 .25  f
1000.0 30000.0 3000.0 931 931 0.787 0.400 96 .75  +
L- 1000.0 20000.0 3000.0 727 727 0.7BB 0.400 97 .00  t
m 3000.0 40000.0 3000.0 608 608 0.588 0.400 47 .00
d_j 20000.0 3000.0 3000.0 437 437 0.587 0.400 46 .75
n. 10000.0 1000.0 3000.0 412 412 0.796 0.400 99 .00  to
j— 32000.0 39000.0 3000.0 236 236 0.503 0.400 25 .75
U 33000.0 1G000.0 3000.0 138 138 0.518 0.400 29 .50
C O 22000.0 23000.0 3000.0 134 134 0.583 0.400 45 .75
33000.0 40000.0 0 .0 960 656 0.442 0.400 10.50oc c. 34000.0 33000.0 0 .0 940 642 0.443 0.400 10.75cu
IP 29000.0 36000.0 0 .0 899 614 0.446 0.400 11 .50
<U
d  —j 12000.0 31000.0 0 .0 568 388 0.4B3 0.400 20 .75
Ut. E 1G000.0 21000.0 0 .0 536 366 0.464 0.400 16.00
o  11 O-P 15000.0 18000.0 0 .0 412 281 0.437 0.400 9 .2 5
o 16000.0 15000.0 0 .0 380 260 0.428 0.400 7 .0 0m 11000.0 1G000.0 0 .0 317 217 0.468 0.400 17.00
G000.0 21000.0 0 .0 311 212 0.574 0.400 43.50
500.0 29500.0 1500.0 947 314 1.047 1 .000 4 .70
500.0 19500.0 1500.0 807 26B 0.936 1 .000 -6 .4 0
20500.0 500.0 1500.0 728 242 1.559 1 .000 55 .90
JQ 500.0 9500.0 1500.0 569 189 0.798 1 .000 -2 0 .2 0CU
> 10500.0 500.0 1500.0 461 153 2.643 1 .000 164.30
500.0 38500.0 1500.0 266 88 0.107 0.400 1 .75
22500.0 4500.0 1500.0 152 50 0.666 0.400 66 .50
34500.0 4500.0 1500.0 144 48 0.654 0.400 63 .50
24500.0 10500.0 1500.0 100 33 1.075 0.400 168.75
VRT stands For 'w ith  respect t o '  DeFlection Factor = 0.M73 mra Force Factor = 0.9394 kN
cu
c.
3
.*>
Coordinates oF the point Permillage Actual Ratio Esti­
mated
Percentage Error
u
at
c
at
X r z N1 N2 S N1 N2 S Ratio N1 N2 S
oc mm mm mm
31000.0 1000.0 3000.0 1000 393 999 1.076 1.320 1.135 0.800 34.50 65.00 41.80
inQJ 1000.0 29000.0 3000.0 958 273 812 1.114 1.807 1.228 0.800 39.25 125.87 53.50L.n 1000.0 19000.0 3000.0 596 148 534 1.145 3.614 1.325 0.800 43.13 351 .75 65.63
r» 3000.0 21000.0 3000.0 545 280 592 0.935 1.046 0.970 0.800 16.B7 30.75 21 .25
CU 11000.0 3000.0 3000.0 402 251 469 0.915 0.983 0.940 0.800 14.38 22.88 17.50
3000.0 19000.0 3000.0 309 43 253 0.979 9.660 1.101 0.800 22.38 XXXXXX 37.63
*a 39000.0 25000.0 3000.0 221 235 10 0.847 0.837 0.719 0.800 5.88 4.63 -10.12
ic 27000.0 21000.0 3000.0 109 224 82 0.879 0.840 0.806 0.800 9.87 5.00 0.75
15000.0 13000.0 3000.0 85 194 200 0.805 0.892 0.864 0.800 0.62 11 .50 8.00
ininat
t_
31000.0 1000.0 3000.0 1000 389 1000 1.074 1.313 1.132 0.800 34.25 64.12 41.50
1000.0 29000.0 3000.0 857 268 810 1.112 1.805 1.224 0.800 39.00 125.63 53.00
u
tn in 3000.0 31000.0 3000.0 610 267 631 0.948 1 .120 0.995 0.800 18.50 40.00 24.38cu
U 19000.0 1000.0 3000.0 595 143 531 1.143 3.756 1.321 0.800 42.87 369.50 65.13
_ CjCL
•13• H 37000.0 35000.0 3000.0 278 286 5 0.839 0.838 0.792 0.800 4.88 4.75 -1.00
DC U a. 25000.0 33000.0 3000.0 1B6 260 53 0.844 0.848 0.857 0.800 5.50 6.00 7.13c a.
o 23000.0 15000.0 3000.0 17 220 170 0.741 0.878 0.866 0.800 -7.37 9.75 8.25
*L-
a.
H 11000.0 23000.0 3000.0 90 208 215 0.823 0.895 0.872 0.800 2.B8 11 .88 9.00
19000.0 5000.0 3000.0 160 12 124 0.862 3.031 0.910 0.800 7.75 278.88 13.75
1000.0 29000.0 3000.0 860 278 814 1.116 1.808 1.232 0.B00 39.50 126.00 54.00
incu 1000.0 21000.0 3000.0 858 375 882 1.057 1.197 1.096 0.800 32.12 49.63 37.00
L.n 3000.0 29000.0 3000.0 4B0 139 443 0.974 1.484 1.055 0.800 21 .75 85.50 31 .88
f i 25000.0 33000.0 3000.0 182 255 51 0.841 0.845 0.856 0.800 5.13 5.63 7.00
7000.0 21000.0 3000.0 249 189 314 0.853 0.8B8 0.868 0.B00 6.63 11 .00 8.50
O t > 31000.0 23000.0 3000.0 143 245 72 0.849 0.842 0.832 0.800 6.13 5.25 4.00
21000.0 29000.0 3000.0 117 221 74 0.852 0.844 0.835 0.800 6.50 5.50 4.38
m 11000.0 13000.0 3000.0 160 207 263 0.833 0.884 0.861 0.800 4.12 10.50 7.62
11000.0 9000.0 3000.0 187 159 247 0.837 0.871 0.852 0.800 4.63 8.88 6.50
31000.0 1000.0 3000.0 1000 393 999 1.178 2.135 1.349 0.600 96.33 255.83 124.83
in
tJO
1000.0 29000.0 3000.0 85B 273 812 1.272 26.23 1.648 0.600 112.00 x x x x x x 174.67
1000.0 19000.0 3000.0 596 148 534 1.307 2.286 1.901 0.600 117.83 281.00 216.83
• H
Cl_ 3000.0 21000.0 3000.0 545 280 592 0.909 1.206 0.992 0.600 51.50 101.00 65.33
cu 11000.0 3000.0 3000.0 402 251 469 0.863 1.010 0.914 0.600 43.83 68.33 52.33
*o 3000.0 19000.0 3000.0 309 43 253 0.943 1.044 1.234 0.600 57.17 74.00 105.67
"D 39000.0 25000.0 3000.0 221 235 10 0.690 0.672 0.485 0.600 15.00 12.00 -19.17
27000.0 21000.0 3000.0 109 224 82 0.763 0.690 0.633 0.600 27.17 15.00 5.50
15000.0 13000.0 3000.0 B5 194 200 0.620 0.781 0.724 0.600 3.33 30.17 20.67
in
m
a t 31000.0 1000.0 3000.0 1000 389 1000 1.175 2.117 1.343 0.600 95.83 252.83 123.83
c. 1000.0 29000.0 3000.0 857 268 810 1.268 23.543 1.639 0.600 111.33 x x x x x x 173.17
U
CM
in incuL.
3000.0 31000.0 3000.0 610 267 631 0.943 1.50B 1.065 0.600 57.17 151 .33 77.50
—* 19000.0 1000.0 3000.0 595 143 531 1.301 2.164 1.887 0.600 116.83 260.67 214.50
CL • H 37000.0 35000.0 3000.0 278 286 5 0.678 0.675 0.580 0.600 13.00 12.50 -3.33
cc *U Cu 25000.0 33000.0 3000.0 186 260 53 0.687 0.695 0.716 0.600 14.50 15.83 19.33c
• H
Q.
O 23000.0 15000.0 3000.0 17 220 170 0.469 0.758 0.726 0.600 -21 .83 26.33 21 .00t-a. H- 11000.0 23000.0 3000.0 90 208 215 0.604 0.795 0.726 0.600 0.67 32.50 21 .00
19000.0 5000.0 3000.0 160 12 124 0.696 1.180 0.718 0.600 16.00 96.67 19.67
1000.0 29000.0 3000.0 860 278 814 1.276 21.43 1.657 0.600 112.67 x x x x x x 176.17
inQJ 1000.0 21000.0 3000.0 858 375 882 1.128 1.554 1.231 0.600 88.00 159.00 105.17
(.J2 3000.0 29000.0 3000.0 480 139 443 0.995 9.075 1.244 0.600 65.83 x x x x x x 107.33
•H
Cl. 25000.0 33000.0 3000.0 182 255 51 0.683 0.691 0.714 0.600 13.83 15.17 19.00
E 7000.0 21000.0 3000.0 249 189 314 0.741 0.843 0.782 0.600 23.50 40.50 30.33O 31000.0 23000.0 3000.0 143 245 72 0.694 0.692 0.690 0.600 15.67 15.33 15.00
21000.0 29000.0 3000.0 117 221 74 0.715 0.690 0.664 0.600 19.17 15.00 10.67
m 11000.0 13000.0 3000.0 160 207 263 0.668 0.793 0.733 0.600 11.33 32.17 22.17
11000.0 9000.0 3000.0 1B7 159 247 0.6B6 0.768 0.721 0.600 14.33 2B.00 20.17
31000.0 1000.0 3000.0 1000 393 999 1.288 6.542 1.666 0.400 222.00 x x x x x x 316.50
incu 1000.0 29000.0 3000.0 858 273 812 1.363 2.914 2.111 0.400 240.75 628.50 427.75Un 1000.0 19000.0 3000.0 596 148 534 1. 1B6 2.025 1.733 0.400 196.50 406.25 333.25
fi 3000.0 21000.0 3000.0 545 280 592 0.897 1 .608 1.056 0.400 124.25 302.00 164.00
cu 11000.0 3000.0 3000.0 402 251 469 0.812 1.108 0.905 0.400 103.00 177.00 126.25
3000.0 19000.0 3000.0 309 43 253 0.732 1.765 0.888 0.400 83.00 341.25 122.00
"O 39000.0 25000.0 3000.0 221 235 10 0.545 0.513 0.269 0.400 36.25 2B.25 -32.75
z= 27000.0 21000.0 3000.0 109 224 82 0.633 0.560 0.505 0.400 58.25 40.00 26.25
15000.0 13000.0 3000.0 85 194 200 0.376 0.723 0.565 0.400 -6.00 80.75 41.25
ininQj 31000.0 1000.0 3000.0 1000 389 1000 1.2B4 6.452 1.656 0.400 221.00 x x x x x x 314.00
c. 1000.0 29000.0 3000.0 857 268 810 1.357 2.845 2.094 0.400 239.25 611 .25 423.50
u
ro
CD incuc.
3000.0 31000.0 3000.0 610 267 631 0.956 2.927 1.203 0.400 139.00 631.75 200.75
—< 19000.0 1000.0 3000.0 595 143 531 1.178 1.962 1.709 0.400 194.50 390.50 327.25
CL
■Cl• H 37000.0 35000.0 3000.0 278 286 5 0.520 0.518 0.442 0.400 30.00 29.50 10.50
DC "u Cl. 25000.0 33000.0 3000.0 186 260 53 0.550 0.544 0.530 0.400 37.50 36.00 32.50c• H Q.O 23000.0 15000.0 3000.0 17 220 170 0.191 0.634 0.543 0.400 -52.25 58.50 35.75t-
CL
H* 11000.0 23000.0 3000.0 90 208 215 0.372 0.686 0.546 0.400 -7.00 71.50 36.50
19000.0 5000.0 3000.0 160 12 124 0.456 0.404 0.451 0.400 14.00 1 .00 12.75
1000.0 29000.0 3000.0 860 278 814 1.369 2.983 2.128 0.400 242.25 645.75 432.00
incu 1000.0 21000.0 3000.0 858 375 882 1.198 2.3B8 1.412 0.400 199.50 497.00 253.00LJD 3000.0 29000.0 3000.0 480 139 443 0.955 2.903 1.362 0.400 13B.75 625.75 240.50
• H
Cu 25000.0 33000.0 3000.0 182 255 51 0.545 0.540 0.527 0.400 36.25 35.00 31.75
E 7000.0 21000.0 3000.0 249 189 314 0.646 0.921 0.742 0.400 61 .50 130.25 85.50
o_l > 31000.0 23000.0 3000.0 143 245 72 0.546 0.549 0.553 0.400 36.50 37.25 38.25
21000.0 29000.0 3000.0 117 221 74 0.601 0.547 0.497 0.400 50.25 36.75 24.25
CD 11000.0 13000.0 3000.0 160 207 263 0.491 0.736 0.605 0.400 22.75 84.00 51 .25
11000.0 9000.0 3000.0 187 159 247 0.538 0.747 0.617 0.400 34.50 86.75 54.25
N1 and N2 re late  to  the normal principal stressesj and S relates to  the shear stress. Normal
stress Factor For the top» middle and bottom Fibers are 0.0122| 0.0123 and 0.0123 kN/mm ,^ respectively.
CASE 2c S RooF oF a workshop
Supports: The indicated top Layer jo ints
are Fully restrained For translation.
Loading: Point load P applied at the
indicated top layer jo in t.
The modulus oF e las itc ity  For the skeletal 
and plate elements is 200 kN/mm .^
Poison's r a t io  For the  s k e le ta l and Plate 
elements is  0 .3 0 .
TABLE 6.2.1
Load P:
20.00 m
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
Plate 
Thick­
ness imm)
A
mm^
Section
Dimensions
mm
T 182.00 CHS 0 21 .30x3.20
B Structure 841 3200 750 p = - 10.000 3.00 182.00 CHS 0 21.30x3.20
V 182.00 CHS 0 21 .30x3.20
T
Renecture
1c
182.00 CHS 0 21 .30x3.20
B 515 2018 750 P = - 10.000 2.40 182.00 CHS 0 21 .30x3.20
V 182.00 CHS 0 21 .30x3.20
T
Renecture
2c
182.00 CHS 0 21.30 x 3.20
B 313 1152 750 P = - 10.000 1.80 182.00 CHS 0 21.30 x3.20
V 182.00 CHS 0 21 .30x3.20
T
Renecture
3c
182.00 CHS 0 21.30x 3.20
B 145 512 750 p =-10.000 1.20 182.00 CHS 0 21.30x3 .20
V 182.00 CHS 0 21.30x3 .20
T» B and W stand For top layer, bottom layer and web members, respectively.
TABLE 6 . 2 . 2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
4500.0 4500.0 0.0 961 0.849 0.800 6.13
L. 3500.0 9500.0 0.0 921 0.849 0.800 6.13
C
o
QJ
ZT\ 1500.0 11500.0 0.0 871 0.861 0.800 7.62
•H
•P
d 10500.0 13500.0 0.0 549 0.824 0.800 3.00
u
CD E 8500.0 15500.0 0.0 499 0.831 0.800 3.88
f i 3 1G500.0 3500.0 0.0 472 0.852 0.800 6.50
ai -Po IG500.0 9500.0 0.0 431 0.830 0.800 3.75a m 9500.0 17500.0 0.0 381 0.832 0.800 4.00
18500.0 13500.0 0.0 266 0.831 0.800 3.88
19500.0 0.0 750.0 1000 89 0.922 0.800 15.25 t
500.0 0.0 750.0 757 67 0.919 0.800 14.88 t
L. 19500.0 20000.0 750.0 538 47 0.879 0.800 9.87
0.0 18500.0 750.0 452 40 0.735 0.800 -8 .1 2
d 2000.0 5500.0 750.0 281 25 0.881 0.800 10.13
CL 2000.0 G500.0 750.0 279 24 0.BB2 0.800 10.25
O
* - 4500.0 1000.0 750.0 2G3 23 0.884 0.800 10.50
u 7500.0 2000.0 750.0 253 22 0.869 0.800 8.63
4500.0 2000.0 750.0 249 22 0.898 0.800 12.25
N 500.0 8000.0 0.0 934 818 0.861 0.800 7.62
DC
L G000.0 1500.0 0.0 884 774 0.851 0.800 6.37
CD
IP 3500.0 8000.0 0.0 555 486 0.833 0.800 4.12
<D
d 12000.0 1500.0 0.0 545 47 7 0.859 0.800 7.38
ut E 14000.0 1500.0 0.0 419 367 0.863 0.800 7.88
5  11
O
-P 14000.0 2500.0 0.0 33B 294 0.853 0.800 6.63
o 8000.0 5500.0 0.0 328 2B7 0.7B0 0.800 -2 .5 0
CD 1500.0 16000.0 0.0 295 258 0.863 0.800 7.88
7000.0 7500.0 0.0 281 246 0.762 0.800 -4 .7 5
250.0 250.0 375.0 1000 1000 0.959 1 .000 -4 .1 0
1250.0 250.0 375.0 550 550 0.804 0.800 0.50
1250.0 1250.0 375.0 53G 536 0.917 0.800 14.63
n 2250.0 2250.0 375.0 388 388 0.879 0.800 9.87
CD3* 1750.0 250.0 375.0 365 365 0.812 0.800 1 .50
4250.0 4250.0 375.0 351 351 0.986 1.000 -1 .40
750.0 1250.0 375.0 318 318 0.771 0.800 -3 .6 2
5250.0 4250.0 375.0 293 293 1.209 1 .000 20.90
3750.0 5250.0 375.0 254 254 0.730 0.800 -8 .7 5
WRT stands For 'w ith  respect t o ' DeFlection Factor = 0.010B mm Force Factor = 0.0077 kN
TABLE 6.2.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
Y
mm
z
mm
4500.0 4500.0 0.0 961 0.674 0.600 12.33
C. 3500.0 9500.0 0.0 921 0.672 0.600 12.00
c
o
CU
ZJ\ 1500.0 11500.0 0.0 871 0.694 0.600 15.67
• H d 10500.0 13500.0 0.0 549 0.630 0.600 5.00
u
Qj E Q500.0 15500.0 0.0 499 0.640 0.600 6.67
Cjl 3 16500.0 3500.0 0.0 472 0.676 0.600 12.67
a O 16500.0 9500.0 0.0 431 0.637 0.600 6.17m 9500.0 17500.0 0.0 381 0.640 0.600 6.67
18500.0 13500.0 0.0 266 0.637 0.600 6.17
19500.0 0.0 750.0 1000 89 0.836 0.600 39.33 f
500.0 0.0 750.0 757 67 0.854 0.600 42.33 -f-
t . 19500.0 20000.0 750.0 538 47 0.760 0.600 26.67
Zfi 0.0 18500.0 750.0 452 40 0.564 0.600 -6.00d 2000.0 5500.0 750.0 281 25 0.761 0.600 26.83
a. 2000.0 6500.0 750.0 279 24 0.741 0.600 23.50o 
i— 4500.0 1000.0 750.0 263 23 0.755 0.600 25.83
u 7500.0 2000.0 750.0 253 22 0.710 0.600 18.33
CM 4500.0 2000.0 750.0 249 22 0.804 0.600 34.00
CM
500.0 8000.0 0.0 934 BIB 0.697 0.600 16.17
Q£ 6000.0 1500.0 0.0 884 774 0.680 0.600 13.33
CU
zn 3500.0 8000.0 0.0 555 486 0.655 0.600 9.17
cu
d 12000.0 1500.0 0.0 545 477 0.694 0.600 15.67
u
e 14000.0 1500.0 0.0 419 367 0.699 0.600 16.50
o  
11
o 14000.0 2500.0 0.0 336 294 0.6B8 0.600 14.67
-^>
o 8000.0 5500.0 0.0 328 287 0.569 0.600 -5.17
m 1500.0 16000.0 0.0 295 258 0.698 0.600 16.33
7000.0 7500.0 0.0 281 246 0.543 0.600 -9.50
250.0 250.0 375.0 1000 1000 0.919 1 .000 -8.10
1250.0 250.0 375.0 550 550 0.679 0.600 13.17
1250.0 1250.0 375.0 536 536 0.795 0.600 32.50
2250.0 2250.0 375.0 388 38B 0.742 0.600 23.67
CU 1750.0 250.0 375.0 365 365 0.690 0.600 14.67
4250.0 4250.0 375.0 351 351 1.022 1 .000 2.20
750.0 1250.0 375.0 318 318 0.632 0.600 5.33
5250.0 4250.0 375.0 293 293 1.475 1 .000 47.50
3750.0 5250.0 375.0 254 254 0.594 0.600 -1 .00
4500.0 4500.0 0.0 961 0.470 0.400 17.50
u 3500.0 9500.0 0.0 921 0.465 0.400 16.25
c
o
QJ
m 1500.0 11500.0 0.0 871 0.488 0.400 22.00
•«->
d 10500.0 13500.0 0.0 549 0.422 0.400 5.50
u
Qj E 8500.0 15500.0 0.0 499 0.430 0.400 7.50
mmJf t 3 16500.0 3500.0 0.0 472 0.467 0.400 16.75
QJ o 16500.0 9500.0 0.0 431 0.428 0.400 7.00Q GQ 9500.0 17500.0 0.0 381 0.432 0.400 8.00
18500.0 13500.0 0.0 266 0.425 0.400 6.25
19500.0 0.0 750.0 1000 89 0.734 0.400 83.50 +
500.0 0.0 750.0 757 67 0.840 0.400 110.00 f
L. 19500.0 20000.0 750.0 538 47 0.643 0.400 80.75CU
m 0.0 18500.0 750.0 452 40 0.436 0.400 9.00d 2000.0 5500.0 750.0 281 25 0.647 0.400 61 .75
CL 2000.0 6500.0 750.0 279 24 0.568 0.400 42.00
O
*— 4500.0 1000.0 750.0 263 23 0.644 0.400 61 .00
u 7500.0 2000.0 750.0 253 22 0.562 0.400 40.50
CO 4500.0 2000.0 750.0 249 22 0.717 0.400 79.25
CM
500.0 8000.0 0.0 934 818 0.498 0.400 24.50
oc
L. 6000.0 1500.0 0.0 884 774 0.4B4 0.400 21 .00
CU 3500.0 8000.0 0.0 555 486 0.458 0.400 14.50
Qj
d 12000.0 1500.0 0.0 545 477 0.498 0.400 24.50
U E 14000.0 1500.0 0.0 419 367 0.501 0.400 25.25
O  11
O 14000.0 2500.0 0.0 336 294 0.482 0.400 20.50
-+J
o 8000.0 5500.0 0.0 328 287 0.367 0.400 -8.25
GQ 1500.0 16000.0 0.0 295 25B 0.505 0.400 26.25
7000.0 7500.0 0.0 281 246 0.353 0.400 -11 .75
250.0 250.0 375.0 1000 1000 0.B72 1.000 -12.80
1250.0 250.0 375.0 550 550 0.587 0.400 46.75
1250.0 1250.0 375.0 536 536 0.671 0.400 67.75
JQ 2250.0 2250.0 375.0 388 38B 0.651 0.400 62.75
CU 1750.0 250.0 375.0 365 365 0.621 0.400 55.25
4250.0 4250.0 375.0 351 351 1.141 1 .000 14.10
750.0 1250.0 375.0 318 318 0.542 0.400 35.50
5250.0 4250.0 375.0 293 293 1.853 1.000 85.30
3750.0 5250.0 375.0 254 254 0.519 0.400 29.75
WRT stands For 'w ith  respect t o '  DeFlection Factor = 0.0108 mm Force Factor = 0.0077 kN
R
e
n
e
ct
u
re Coordinates oF the point Permillage Actual Ratio Esti­
mated
Ratio
Percentage Error
X
mm
r
mm
z
mm
N1 N2 s N1 N2 s N1 N2 s
500.0 500.0 750.0 1000 595 496 0.917 0.728 1 .488 0.800 14.63 -9.00 85.75
intb 19500.0 500.0 750.0 969 155 1000 0.842 0.653 0.892 0.800 5.25 -18.37 11.50Cn 19500.0 19500.0 750.0 950 166 964 0.609 0.B09 0.809 0.800 1 .13 1 .13 1 .13
• H 4500.0 3500.0 750.0 237 548 382 0.834 0.814 0.800 0.800 4.25 1 .75 0.00Cu
1500.0 7500.0 750.0 34 475 542 0.999 0.823 0.812 0.800 24.87 2.88 1.50Qj
2500.0 3500.0 750.0 95 411 389 1.203 0.822 0.751 0.800 50.38 2.75 -6.12"O
7500.0 6500.0 750.0 259 306 57 0.838 0.830 0.788 0.800 4.75 3.75 -1 .50
xz 7500.0 7500.0 750.0 239 250 12 0.837 0.831 0.717 0.800 4.63 3.88 -10.37
9500.0 7500.0 750.0 156 188 40 0.856 0.842 0.783 0.800 7.00 5.25 -2.12
inin 500.0 19500.0 750.0 999 175 999 0.837 0.675 0.882 0.800 4.63 -15.62 10.25(Uc. 19500.0 19500.0 750.0 994 179 989 0.806 0.817 0.804 0.800 0.75 2.13 0.50
m in 5500.0 4500.0 750.0 442 B43 485 0.891 0.904 0.918 0.800 11.38 13.00 14.75
u (UU 2500.0 5500.0 750.0 100 618 627 0.877 0.832 0.824 0.800 B.63 4.00 3.00
(M
a
CL
JD
• H 3500.0 6500.0 750.0 198 601 489 0.836 0.839 0.841 0.800 4.50 4.88 5.13
u Cl. 2500.0 6500.0 750.0 101 591 594 0.862 0.843 0.B39 0.800 7.75 5.38 4.88c• iH CLO 10500.0 500.0 750.0 20 340 387 0.949 0.824 0.817 0.800 18.63 3.00 2.13
eCL. H 18500.0 18500.0 750.0 327 1 395 0.886 0.000 0.952 0.800 10.75 19.00
6500.0 8500.0 750.0 236 272 43 0.832 0.855 1.052 0.800 4.00 6.88 31 .50
500.0 500.0 750.0 1000 495 647 0.936 0.698 1.406 0.800 17.00 -12.75 75.75
in
CD 19500.0 500.0 750.0 911 131 1000 0.848 0.628 0.901 0.800 6.00 -21.50 12.63L.n 19500.0 19500.0 750.0 BB1 149 939 0.811 0.801 0.813 0.800 1 .3B 0.13 t .63
• H11 5500.0 500.0 750.0 23 449 605 0.403 0.793 0.757 0.800 -49.62 -0.87 -5.37
500.0 6500.0 750.0 14 445 589 0.377 0.798 0.771 0.800 -52.87 -0.25 -3.62
o 6500.0 5500.0 750.0 297 403 136 0.838 0.787 0.675 0.800 4.75 -1 .63 -15.62
500.0 8500.0 750.0 0 371 477 0.000 0.795 0.782 0.800 -0.62 -2.25om 6500.0 6500.0 750.0 271 333 78 0.846 0.806 0.666 0.B00 5.75 0.75 -16.75
500.0 9500.0 750.0 4 311 393 0.000 0.789 0.784 0.800 -1 .37 -2.00
500.0 500.0 750.0 1000 595 496 0.896 0.537 9.643 0.600 49.33 -10.50 xxxxxx
inQi 19500.0 500.0 750.0 969 155 1000 0.704 0.433 0.799 0.600 17.33 -27.83 33.17
cJ3 19500.0 19500.0 750.0 950 166 964 0.644 0.641 0.645 0.600 7.33 6.83 7.50
fl 4500.0 3500.0 750.0 237 548 382 0.732 0.632 0.572 0.600 22.00 5.33 -4.67
CD 1500.0 7500.0 750.0 34 475 542 1.349 0.625 0.600 0.600 124.83 4.17 0.00
2500.0 3500.0 750.0 95 411 389 5.873 0.668 0.527 0.600 878.B3 11 .33 -12.17
tj 7500.0 6500.0 750.0 259 306 57 0.673 0.666 0.628 0.600 12.17 11 .00 4.67
n 7500.0 7500.0 750.0 239 250 12 0.647 0.670 3.366 0.600 7.83 11 .67 461.00
9500.0 7500.0 750.0 156 188 40 0.715 0.650 0.453 0.600 19.17 8.33 -24.50
inin 500.0 19500.0 750.0 999 175 999 0.696 0.456 0.784 0.600 16.00 -24.00 30.67
t_ 19500.0 19500.0 750.0 994 179 9B9 0.641 0.651 0.639 0.600 6.B3 8.50 6.50
in in 5500.0 4500.0 750.0 442 B43 485 0.821 0.782 0.743 0.600 36.83 30.33 23.83U
N —* L. 2500.0 5500.0 750.0 100 616 627 1.072 0.673 0.628 0.600 78.67 12.17 4.67
N
d
CL
•O♦ H 3500.0 6500.0 750.0 198 601 489 0.666 0.645 0.635 0.600 11 .00 7.50 5.83
DC U
Cl.
2500.0 6500.0 750.0 101 591 594 0.955 0.666 0.627 0.600 59.17 11 .00 4.50c CLo 10500.0 500.0 750.0 20 340 387 1.000 0.642 0.627 0.600 66.67 7.00 4.50c.CL H 18500.0 18500.0 750.0 327 1 395 0.543 0.000 0.606 0.600 -9.50 1.00
6500.0 8500.0 750.0 236 272 43 0.660 0.691 1 .005 0.600 10.00 15.17 67.50
500.0 500.0 750.0 1000 495 647 0.933 0.484 xxxxx 0.600 55.50 -19.33 xxxxxx
mQJ 19500.0 500.0 750.0 911 131 1000 0.712 0.407 0.814 0.600 IB.67 -32.17 35.67
Un 19500.0 19500.0 750.0 881 149 939 0.647 0.631 0.650 0.600 7.83 5.17 8.33
• H
Cu 5500.0 500.0 750.0 23 449 605 0.165 0.600 0.531 0.600 -72.50 0.00 -11.50
g 500.0 6500.0 750.0 14 445 589 0.149 0.603 0.550 0.600 -75.17 0.50 -8.33
o , 1 6500.0 5500.0 750.0 297 403 136 0.677 0.602 0.459 0.600 12.83 0.33 -23.50
500.0 8500.0 750.0 0 371 477 0.000 0.599 0.572 0.600 -0.17 -4.67
CQ 6500.0 6500.0 750.0 271 333 78 0.657 0.603 0.443 0.600 9.50 0.50 -26.17
500.0 9500.0 750.0 4 311 393 0.903 0.590 0.576 0.600 50.50 -1 .67 -4.00
500.0 500.0 750.0 1000 595 496 0.595 0.724 0.471 0.400 48.75 81 .00 17.75
incu 19500.0 500.0 750.0 969 155 1000 0.581 0.290 0.718 0.400 45.25 -27.50 79.50ujD 19500.0 19500.0 750.0 950 166 964 0.503 0.498 0.504 0.400 25.75 24.50 26.00
CU 4500.0 3500.0 750.0 237 548 382 0.800 0.472 0.359 0.400 100.00 18.00 -10.25
Qj 1500.0 7500.0 750.0 34 475 542 0.879 0.450 0.403 0.400 119.75 12.50 0.75
2500.0 3500.0 750.0 95 411 3B9 1.241 0.405 0.290 0.400 210.25 1 .25 -27.50
"D 7500.0 6500.0 750.0 259 306 57 0.459 0.453 0.423 0.400 14.75 13.25 5.752C 7500.0 7500.0 750.0 239 250 12 0.474 0.476 0.513 0.400 18.50 19.00 28.25
9500.0 7500.0 750.0 156 188 40 0.576 0.473 0.254 0.400 44.00 18.25 -36.50
in
m 500.0 19500.0 750.0 999 175 999 0.572 0.309 0.700 0.400 43.00 -22.75 75.00
t_ 19500.0 19500.0 750.0 994 179 9B9 0.500 0.507 0.499 0.400 25.00 26.75 24.75
m in 5500.0 4500.0 750.0 442 843 485 0.846 0.652 0.520 0.400 111.50 63.00 30.00
Uco
(Uu 2500.0 5500.0 750.0 100 618 627 0.907 0.477 0.437 0.400 126.75 19.25 9.25
N
d
CL
X I
3500.0 6500.0 750.0 198 601 489 0.516 0.447 0.419 0.400 29.00 11 .75 4.75
a; U
cu
2500.0 6500.0 750.0 101 591 594 0.690 0.451 0.421 0.400 72.50 12.75 5.25c
• fH
Q .
D 10500.0 500.0 750.0 20 340 387 2.258 0.459 0.436 0.400 464.50 14.75 9.00
c.
CL
I— 18500.0 18500.0 750.0 327 1 395 0.296 0.000 0.330 0.400 -26.00 -17.50
6500.0 8500.0 750.0 236 272 43 0.489 0.514 0.770 0.400 22.25 2B.50 92.50
500.0 500.0 750.0 1000 495 647 0.658 0.620 0.698 0.400 64.50 55.00 74.50
m
CU 19500.0 500.0 750.0 911 131 1000 0.589 0.269 0.737 0.400 47.25 -32.75 84.25
u
J3 19500.0 19500.0 750.0 881 149 939 0.505 0.488 0.509 0.400 26.25 22.00 27.25
CU 5500.0 500.0 750.0 23 449 605 0.000 0.439 0.337 0.400 9.75 -15.75
g 500.0 6500.0 750.0 14 445 589 0.000 0.421 0.337 0.400 5.25 -15.75
O. \ 6500.0 5500.0 750.0 297 403 136 0.548 0.442 0.286 0.400 37.00 10.50 -28.50•H
500.0 8500.0 750.0 0 371 477 0.000 0.410 0.375 0.400 2.50 -6.25
c8 6500.0 6500.0 750.0 271 333 78 0.460 0.421 0.306 0.400 15.00 5.25 -23.50
500.0 9500.0 750.0 4 311 393 0.150 0.405 0.384 0.400 -62.50 1 .25 -4.00
**
**
*
X'
N1 and N2 re la te  to the normal principal stressesj and S relates to  the shear stress. Normal
stress Factor For the top» middle and bottom Fibers are 0.0022i 0.0023 and 0.0025 kN/mm ,^ respectively.
CASE 3 c  z A typical Floor oF a multistorey 
building
Supports: The indicated top layer jo ints
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load = 4-50 kN/m^
Live load = 2.00 kN/m^
The load is applied at the top layer
jo ints as point loads P.
The modulus oF e las tic ity  For the skeletal
and slab elements are 200 and 20 kN/mm^ , 
respectively.
Poison's ra tio  For the skeletal and slab 
elements are 0.30 and 0.18, respectively.
TABLE 6.3.1
B.00 m
Number
oF
jo in t s
Number
oF
members
H eig h t
mm
Load
kN
S lab  
T h ic k ­
ness fmm'1
A
mm^
S e c tio n
Dim ensions
mm
T 314.00 ROD 0 20.00
B S tru c tu re 32B1 12800 750 p = -1.040 70.00 531.00 ROD 0 26.00
W 531.00 ROD 0 26.00
T 314.00 ROD 0 20.00
B R enecture 2113 8182 750 p = -1.605 56.00 531.00 ROD 0 26.00
W 1c 531.00 RDD 0 26.00
T 314.00 ROD 0 20.00
B R enecture 1201 4608 750 P = -2.787 42.00 531.00 ROD 0 26.00
W 2c 531.00 ROD 0 26.00
T 314.00 ROD 0 20.00
B Renecture 545 2048 750 P = -6.048 28.00 531.00 ROD 0 26.00
V 3c 531.00 ROD 0 26.00
T , B and V s tan d  Fop to p  la y e r ,  bottom  la y e r  and web members, r e s p e c t iv e ly .
TABLE 6.3.2
R
en
ec
tu
re Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercen tag e
E rro r
X
mm
Y
mm
z
mm
1800.0 3800.0 0.0 857 0.7B8 0.800 -1 .50
L. 3000.0 3400.0 0.0 946 0.778 0.800 -2.75
Co
CD
rj> 4600.0 2200.0 0.0 S0B 0.774 0.800 -3.250 1400.0 5400.0 0.0 831 0.778 0.800 -2.75
u
cu B 600.0 5800.0 0.0 742 0.790 0.800 -1 .25
f  |
O 6600.0 7000.0 0.0 488 0.717 0.800 -10.37
o 6600.0 7800.0 0.0 442 0.721 0.800 -8.87a OQ 7800.0 7000.0 0.0 371 0.733 0.800 -8.37
200.0 7400.0 0.0 328 0.820 0.800 2.50
0.0 7800.0 750.0 1000 64 0.7B4 0.800 -2.00
400.0 7800.0 750.0 769 48 0.756 0.800 -5.50
L. 400.0 7400.0 750.0 587 38 0.799 0.800 -0.12
8000.0 200.0 750.0 550 35 0.994 0.800 24.250
7400.0 1200.0 750.0 461 29 0.803 0.800 0.38
CL 7400.0 0.0 750.0 440 28 0.611 0.800 -23.63o
h - 7800.0 6B00.0 750.0 428 27 0.690 0.800 -13.75
u 3000.0 6B00.0 750.0 180 11 0.717 0.800 -10.37
6600.0 3200.0 750.0 133 8 0.777 0.800 -2.88
CO
200.0 8000.0 0.0 1000 B7B 0.764 0.800 -4.50
Q£ t- 8000.0 7800.0 0.0 790 694 0.673 0.800 -15.87a> 7600.0 200.0 0.0 580 510 0.732 0.800 -8.50
cu
0 8000.0 600.0 0.0 569 500 0.700 0.800 -12.50
u G 200.0 1600.0 0.0 493 433 0.812 0.800 1.50
£ O-4-> 200.0 2800.0 0.0 484 425 0.794 0.800 -0.75•Po 1200.0 200.0 0.0 462 406 0.826 0.800 3.25
CQ 2400.0 6200.0 0.0 130 114 0.643 0.800 -19.62
6800.0 6600.0 0.0 113 89 0.707 0.B00 -11.62
7800.0 7800.0 375.0 1000 1000 0.864 1 .000 -13.60
100.0 7800.0 375.0 920 920 0.877 1 .000 -12.30
100.0 100.0 375.0 712 712 0.856 1 .000 -14.40
n 7700.0 7700.0 375.0 497 497 0.890 1 .000 -1 .00
cuz*f 7700.0 300.0 375.0 423 423 1.164 1 .000 16.40
100.0 7700.0 375.0 310 310 1.520 1 .000 52.00 X
7700.0 7300.0 375.0 242 242 0.579 0.800 -27.62
100.0 6800.0 375.0 165 165 0.680 0.800 -15.00
7300.0 6500.0 375.0 108 108 0.672 0.800 -16.00
WRT stands For ‘ with respect to ' DeFlection Factor = 0.0046 mm Stress Factor = 0.0900 kN
TABLE 6.3.2 (continued)
Re
ne
ct
ur
e Coordinates oF the point Permillage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
1
X Y
inn
z
mm
1800.0 3800.0 0.0 957 0.601 0.600 0.17
L. 3000.0 3400.0 0.0 946 0.586 0.600 -2.33
Co
Qi
IT * 4600.0 2200.0 0.0 90B 0.582 0.600 -3.00
•*->
d 1400.0 5400.0 0.0 B31 0.5B9 0.600 -1 .83u E 600.0 5800.0 0.0 742 0.610 0.600 1 .67O 6600.0 7000.0 0.0 498 0.522 0.600 -13.00
% o 6600.0 7B00.0 0.0 442 0.532 0.600 -11.33Q m 7800.0 7000.0 0.0 371 0.546 0.600 -9.00
200.0 7400.0 0.0 328 0.661 0.600 10.17
0.0 7800.0 750.0 1000 64 0.616 B.600 2.67
400.0 7800.0 750.0 769 49 0.578 0.600 -3.67
L. 400.0 7400.0 750.0 587 38 0.569 0.600 -5.17
8000.0 200.0 750.0 550 35 1.085 0.600 80.83 Kd
7400.0 1200.0 750.0 461 29 0.617 0.600 2.83
a. 7400.0 0.0 750.0 440 28 0.379 0.600 -36.83oI— 7800.0 6800.0 750.0 428 27 0.480 0.600 -20.00
u 3000.0 6B00.0 750.0 180 11 0.507 0.600 -15.50
CN 6600.0 3200.0 750.0 133 B 0.570 0.600 -5.00
co
200.0 8000.0 0.0 1000 B7B 0.593 0.600 -1 .17oc L. 8000.0 7B00.0 0.0 790 694 0.490 0.600 -IB.33
Qj 7600.0 200.0 0.0 580 510 0.533 0.600 -11 .17
Oi
C5 8000.0 600.0 0.0 569 500 0.4B7 0.600 -18.83
U E 200.0 1600.0 0.0 493 433 0.656 0.600 9.33
o O 200.0 2B00.0 0.0 484 425 0.612 0.600 2.00U -
o 1200.0 200.0 0.0 462 406 0.680 0.600 13.33
m 2400.0 6200.0 0.0 130 114 0.415 0.600 -30.83
6800.0 6600.0 0.0 113 99 0.502 0.600 -16.33
7900.0 7900.0 375.0 1000 1000 0.849 1 .000 -15.10
100.0 7900.0 375.0 920 920 0.865 1 .000 -13.50
100.0 100.0 375.0 712 712 0.756 1.000 -24.40
•O 7700.0 7700.0 375.0 497 497 1 .310 1 .000 31 .00Qi 7700.0 300.0 375.0 423 423 1.710 1 .000 71 .00
100.0 7700.0 375.0 310 310 15.50 1 .000 xxxxxx
7700.0 7300.0 375.0 242 242 0.3B4 0.600 -36.00
100.0 6900.0 375.0 165 165 0.457 0.600 -23.83
7300.0 6500.0 375.0 108 108 0.466 0.600 -22.33
1800.0 3B00.0 0.0 957 0.416 0.400 4.00
L. 3000.0 3400.0 0.0 946 0.399 0.400 -0.25
co
Qirr> 4600.0 2200.0 0.0 90B 0.398 0.400 -0.50d 1400.0 5400.0 0.0 831 0.406 0.400 1 .50
tjOi E 600.0 5800.0 0.0 742 0.431 0.400 7.75
11
O 6600.0 7000.0 0.0 49B 0.347 0.400 -13.25
□ o 6600.0 7800.0 0.0 442 0.369 0.400 -7.75m 7800.0 7000.0 0.0 371 0.398 0.400 -0.50
200.0 7400.0 0.0 328 0.476 0.400 19.00
0.0 7800.0 750.0 1000 64 0.489 0.400 22.25 •*-
400.0 7800.0 750.0 769 49 0.445 0.400 11.25
t . 400.0 7400.0 750.0 587 38 0.369 0.400 -7.75
eT 8000.0 200.0 750.0 550 35 1.2B0 0.400 220.00 X
7400.0 1200.0 750.0 461 29 0.424 0.400 6.00
a. 7400.0 0.0 750.0 440 28 0.236 0.400 -41.00o
H - 7800.0 6800.0 750.0 428 27 0.340 0.400 -15.00
u 3000.0 6800.0 750.0 180 11 0.370 0.400 -7.50co 6600.0 3200.0 750.0 133 8 0.357 0.400 -10.75
CO
200.0 8000.0 0.0 1000 878 0.473 0.400 18.25
Q£
L 8000.0 7800.0 0.0 790 694 0.394 0.400 -1 .50
Qi 7600.0 200.0 0.0 580 510 0.394 0.400 -1 .50
(1)
d 8000.0 600.0 0.0 569 500 0.345 0.400 -13.75
U E 200.0 1600.0 0.0 493 433 0.523 0.400 30.75
o11 D 200.0 2800.0 0.0 484 425 0.450 0.400 12.50
O 1200.0 200.0 0.0 462 406 0.553 0.400 38.25
CQ 2400.0 6200.0 0.0 130 114 0.258 0.400 -35.50
6800.0 6600.0 0.0 113 99 0.349 0.400 -12.75
7900.0 7900.0 375.0 1000 1000 0.960 1 .000 -4.00
100.0 7900.0 375.0 920 920 0.890 1 .000 -11 .00
100.0 100.0 375.0 712 712 0.677 1 .000 -32.30
J3 7700.0 7700.0 375.0 497 497 4.610 1 .000 361 .00Oi3k 7700.0 300.0 375.0 423 423 6.050 1 .000 505.00 K
100.0 7700.0 375.0 310 310 1.370 1 .000 37.00
7700.0 7300.0 375.0 242 242 0.305 0.400 -23.75
100.0 6900.0 375.0 165 165 0.2B7 0.400 -28.25
7300.0 6500.0 375.0 108 108 0.300 0.400 -25.00
WRT stands For' with respect to ' DeFlection Factor = 0.004B mm Stress Factor = 0.0900 kN
R
en
ec
tu
re C o o rd in a tes  oF th e  p o in t P e rm illa g e A c tu a l R a tio E s t i ­
mated
R a tio
P erc entage E rro r
X
mm
Y
mm
z
mm
N1 N2 S N1 N2 S N1 N2 s
7000.0 200.0 750.0 899 352 948 0.775 0.771 0.747 0.800 -3.12 -3.62 -6.62
in 7800.0 7800.0 750.0 874 803 104 0.673 0.674 0.664 0.800 -15.87 -15.75 -17.00
£ H00.0 7400.0 750.0 406 155 822 0.810 0.811 0.810 0.800 1 .25 1 .38 1.25
2200.0 7800.0 750.0 327 162 717 0.889 0.738 0.833 0.800 11 .13 -7.75 4.12Cl
GG00.0 6600.0 750.0 2B2 85 288 0.672 0.787 0.631 0.800 -16.00 -1 .63 -21.12Qi
7400.0 2200.0 750.0 275 170 652 0.851 0.743 0.806 0.800 6.37 -7.12 0.75*D
•o 7800.0 5000.0 750.0 239 33 400 0.815 0.517 0.762 0.800 1 .B8 -35.37 -4.75• H
sz 1400.0 6600.0 750.0 233 155 570 0.797 0.775 0.789 0.800 -0.37 -3.12 -1 .37
200.0 3800.0 750.0 1 217 316 0.000 0.758 0.756 0.800 -5.25 -5.50
inin 200.0 7800.0 750.0 827 459 883 0.931 1.726 1.114 0.800 16.38 115.75 39.25
Qjc_ 7800.0 600.0 750.0 451 202 448 0.826 1.309 0.932 0.800 3.25 63.63 16.50■4-J
0 3 in 7800.0 1000.0 750.0 345 161 347 0.825 0.876 0.840 0.800 3.13 9.50 5.00u cuL. 7400.0 7000.0 750.0 332 99 159 0.779 0.625 0.870 0.800 -2.62 -21 .87 8.75
to aCL
.a 7800.0 1400.0 750.0 273 155 293 0.862 0.851 0.858 0.800 7.75 6.37 7.25
Oi *U a. 3800.0 1000.0 750.0 12 174 110 0.726 0.860 0.873 0.800 -9.25 7.50 9.13c•H a.o 7400.0 2200.0 750.0 167 134 207 0.938 0.784 0.862 0.800 17.25 -2.00 7.75
£ H- 7000.0 2600.0 750.0 91 128 150 0.803 0.781 0.790 0.800 0.38 -2.37 -1 .25
200.0 5400.0 750.0 16 106 84 0.6B6 0.778 0.764 0.800 -14.25 -2.75 -4.50
7800.0 200.0 750.0 996 282 999 1.016 1.782 1.123 0.800 27.00 122.75 40.37
incu 200.0 200.0 750.0 859 362 955 1.116 1.440 1.196 0.800 39.50 80.00 49.50
L .n 600.0 7800.0 750.0 236 128 84 0.551 1.749 0.304 0.800 -31 .12 118.63 -62.00
tt 600.0 7400.0 750.0 159 42 158 0.654 5.252 0.858 0.800 -18.25 556.50 7.25
7800.0 1000.0 750.0 150 62 68 0.698 0.750 0.665 0.800 -12.75 -6.25 -16.87
O 7000.0 200.0 750.0 141 30 134 0.799 1.578 0.876 0.800 -0.12 97.25 9.50
-^> 7800.0 1400.0 750.0 127 22 82 0.728 1.297 0.667 0.800 -9.00 62.12 -16.62om 7800.0 6600.0 750.0 113 93 15 0.613 0.729 0.350 0.800 -23.37 -8.87 -56.25
1000.0 7400.0 750.0 102 0 79 0.617 0.000 0.643 0.800 -22.87 -19.62
7800.0 200.0 750.0 999 352 948 0.564 0.612 0.540 0.600 -6.00 2.00 -10.00
in 7800.0 7800.0 750.0 874 803 104 0.459 0.463 0.411 0.600 -23.50 -22.83 -31 .50
£ 1400.0 7400.0 750.0 406 155 822 0.617 0.687 0.635 0.600 2.83 14.50 5.63J 3
2200.0 7800.0 750.0 327 162 717 0.712 0.535 0.641 0.600 18.67 -10.83 6.83Cjl_
GG00.0 6600.0 750.0 282 85 288 0.448 0.520 0.423 0.600 -25.33 -13.33 -29.50Qj
7400.0 2200.0 750.0 275 170 652 0.672 0.554 0.622 0.600 12.00 -7.67 3.67*a-a 7800.0 5000.0 750.0 239 33 400 0.617 0.293 0.543 0.600 2.B3 -51.17 -9.50
3C 1400.0 6600.0 750.0 233 155 570 0.600 0.631 0.612 0.600 0.00 5.17 2.00
200.0 3800.0 750.0 1 217 316 0.000 0.530 0.524 0.600 -11.67 -12.67
inin 200.0 7800.0 750.0 827 459 883 0.853 15.50 1.288 0.600 42.17 xxxxxx 114.67Qj
L. 7800.0 600.0 750.0 451 202 448 0.635 2.710 0.831 0.600 5.83 351.67 38.50
0 3 in 7800.0 1000.0 750.0 345 161 347 0.65B 0.835 0.705 0.600 9.67 39.17 17.50U
CM
Qjc_ 7400.0 7000.0 750.0 332 99 159 0.600 0.404 0.756 0.600 0.00 -32.67 26.00
co
C,
CL
•O• H 7800.0 1400.0 750.0 273 155 293 0.674 0.740 0.697 0.600 12.33 23.33 16.17
oc "u U_ 3800.0 1000.0 750.0 12 174 110 0.547 0.710 0.728 0.600 -B.B3 18.33 21 .33c
• H
CL
□ 7400.0 2200.0 750.0 167 134 207 0.795 0.633 0.713 0.600 32.50 5.50 18.83
£ H - 7000.0 2600.0 750.0 91 128 150 0.605 0.614 0.610 0.600 0.83 2.33 1 .67
200.0 5400.0 750.0 16 106 84 0.390 0.583 0.546 0.600 -35.00 -2.83 -9.00
7B00.0 200.0 750.0 996 282 999 1.069 5.592 1.450 0.600 78.17 B32.00 141 .67
in
QJ 200.0 200.0 750.0 859 362 955 1.356 4.795 1.722 0.600 126.00 699.17 187.00L.
r \ 600.0 7800.0 750.0 236 128 84 0.397 1.439 0.214 0.600 -33.B3 139.83 -64.33
600.0 7400.0 750.0 159 42 158 0.418 0.797 0.615 0.600 -30.33 32.83 2.50
7800.0 1000.0 750.0 150 62 68 0.470 0.959 0.344 0.600 -21 .67 59.83 -42.67
O 7000.0 200.0 750.0 141 30 134 0.648 4.209 0.B15 0.600 B.00 601.50 35.83■fJ
7800.0 1400.0 750.0 127 22 82 0.504 2.049 0.435 0.600 -16.00 241.50 -27.50o
m 7800.0 6600.0 750.0 113 93 15 0.363 0.521 0.150 0.600 -39.50 -13.17 -75.00
1000.0 7400.0 750.0 102 0 79 0.407 (0.000 0.436 0.600 -32.17 -27.33
7800.0 200.0 750.0 999 352 948 0.408 0.491 0.374 0.400 2.00 22.75 -6.50
in 
a j 7800.0 7800.0 750.0 874 803 104 0.312 0.325 0.214 0.400 -22.00 -18.75 -46.50L.
n 1400.0 7400.0 750.0 406 155 822 0.411 0.603 0.451 0.400 2.75 50.75 12.75
• H
f t 2200.0 7800.0 750.0 327 162 717 0.446 0.374 0.419 0.400 11 .50 -6.50 4.75
CU 6600.0 6600.0 750.0 2B2 85 288 0.282 0.301 0.275 0.400 -29.50 -24.75 -31.25
* u 7400.0 2200.0 750.0 275 170 652 0.436 0.412 0.426 0.400 9.00 3.00 6.50
X I 7800.0 5000.0 750.0 239 33 400 0.365 0.189 0.328 0.400 -8.75 -52.75 -18.00
c 1400.0 6600.0 750.0 233 155 570 0.3B8 0.539 0.437 0.400 -3.00 34.75 9.25
200.0 3800.0 750.0 1 217 316 0.000 0.333 0.320 0.400 -16.75 -20.00inin
Qj 200.0 7800.0 750.0 827 459 883 0.6B7 3.077 1.220 0.400 71.75 669.25 205.00
c. 780B.0 600.0 750.0 451 202 448 0.459 5.203 0.691 0.400 14.75 xxxxxx 72.75
0 3 in 7800.0 1000.0 750.0 345 161 347 0.445 1.972 0.591 0.400 11 .25 393.00 47.75
c o L. 7400.0 7000.0 750.0 332 99 159 0.400 0.254 0.531 0.400 0.00 -36.50 32.75
CO CL
JO
• H 7800.0 1400.0 750.0 273 155 293 0.470 0.717 0.537 0.400 17.50 79.25 34.25
oc U C l. 3800.0 1000.0 750.0 12 174 110 0.369 0.580 0.608 0.400 -7.75 45.00 52.00
C CL
O 7400.0 2200.0 750.0 167 134 207 0.544 0.517 0.532 0.400 36.00 29.25 33.00
£ h- 7000.0 2600.0 750.0 91 128 150 0.437 0.492 0.467 0.400 9.25 23.00 16.75
200.0 5400.0 750.0 16 106 84 0.161 0.396 0.330 0.400 -59.75 -1 .00 -17.50
7800.0 200.0 750.0 996 282 999 1.018 1.025 1.821 0.400 154.50 156.25 355.25
incu 200.0 200.0 750.0 859 362 955 1.960 1.907 4.913 0.400 390.00 376.75 xxxxxx
c.
JQ 600.0 7800.0 750.0 236 128 84 0.302 0.678 0.183 0.400 -24.50 69.50 -51.25
•H
CL. 600.0 7400.0 750.0 159 42 158 0.275 0.293 0.464 0.400 -31 .25 -26.75 16.00
E 7800.0 1000.0 750.0 150 62 68 0.253 0.666 0.176 0.400 -36.75 66.50 -56.00
O,, i 7000.0 200.0 750.0 141 30 134 0.309 0.195 0.570 0.400 -22.75 -51.25 42.50
7800.0 1400.0 750.0 127 22 82 0.305 1.467 0.244 0.400 -23.75 266.75 -39.00
m 7800.0 6600.0 750.0 113 93 15 0.210 0.333 0.077 0.400 -47.50 -16.75 -80.75
1000.0 7400.0 750.0 102 0 79 0.223 0.000 0.258 0.400 -44.25 -35.50
N! and N2 re la te  to  the normal principal stressesf and S relates to the shear stress. Normal
stress Factor For the top, middle and bottom Fibers are 0.0042, 0.001B and 0.0049 kN/mm2, respective ly.
CASE 4 c ' A typical Floor oF a multistorey 
building
Supports: The indicated top layer joints
are Fully restrained For translation.
Loading: UDL consisting oF:
Dead load =4 .50  kN/m^
Live load = 2.00 kN/m^
The load is applied at the top layer
jo ints as point loads P.
The modulus oF e las tic ity  For the skeletal
and slab elements are 200 and 20 kN/miA 
respectively.
Poison's ra tio  For the skeletal and slab 
elements are 0.30 and 0.18» respectively.
2.00 m
TABLE 6.4.1
Number
oF
jo in t s
Number
oF
members
h e ig th
mm
Load
kN
S lab
T h id C -
nesscmim
A
mm^
S e c tio n
Dim ensions
mm
T 707.00 ROD 0 30.00
B S tru c tu re 3891 14400 750 p = -1.040 70.00 707.00 ROD 0 30.00
W 707.00 ROD 0 30.00
T
R enecture
1c
707.00 ROD 0 30.00
B 2377 9216 750 P = -1.605 56.00 707.00 ROD 0 30.00
V 707.00 ROD 0 30.00
T
R enecture
2c
707.00 ROD 0 30.00
B 1351 51B4 750 P = -2.797 42.00 707.00 ROD 0 30.00
W 707.00 ROD 0 30.00
T
R enecture
3c
707.00 ROD 0 30.00
B 613 2304 750 P = -6.049 26.00 707.00 ROD 0 30.00
V 707.00 ROD 0 30.00
T j B and W s tand  For to p  la y e r i bottom la y e r  and web members> r e s p e c t iv e ly .
TABLE 6.4.2
R
en
ec
tu
re Coordinates oF the point P e rm illa g e  
WRT th e  
Layer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercen tag e
E rro r
Ix 1 
-c z
mm
5400.0 2200.0 0.0 965 0.844 0.800 5.50
L 6600.0 5400.0 0.0 919 0.851 0.800 6.37
co
Qj
IX 3400.0 3000.0 0.0 862 0.846 0.800 5.75
•H C5 2200.0 2200.0 0.0 716 0.849 0.800 6.13
u
Qj E 1000.0 2600.0 0.0 539 0.863 0.800 7.88O
H-> 11800.0 2600.0 0.0 448 0.897 0.800 12.13
% o 11400.0 2200.0 0.0 445 0.887 0.800 10.88o CD 1000.0 200.0 0.0 411 0.870 0.800 8.75
600.0 5000.0 0.0 362 0.881 0.800 10.13
11800.0 0.0 750.0 1000 119 0.862 0.800 7.75
11800.0 5600.0 750.0 815 97 0.842 0.800 5.25
L. 0.0 5B00.0 750.0 784 93 0.838 0.800 4.75
11400.0 1200.0 750.0 540 64 0.811 0.800 1.38c3
11400.0 2000.0 750.0 471 56 0.809 0.800 1 .13
CL 11400.0 2400.0 750.0 452 54 0.805 0.800 0.62O
H- 10600.0 4800.0 750.0 325 38 0.792 0.800 -1 .00
u 4600.0 4400.0 750.0 271 32 0.827 0.800 3.38
10400.0 1400.0 750.0 155 IB 0.852 0.800 6.50
12000.0 5B00.0 0.0 1000 823 0.857 0.800 7.13
DC
L. 12000.0 200.0 0.0 911 750 0.829 0.800 3.63
Qj 
ZJ» 11800.0 6000.0 0.0 772 636 0.872 0.800 9.00
cu
a 200.0 6000.0 0.0 608 501 0.833 0.800 4.12
u E 12000.0 5400.0 0.0 592 4BB 0.737 0.800 -7.87
o
LL
O
*-> 12000.0 600.0 0.0 548 451 0.744 0.800 -7.00
o 5200.0 5800.0 0.0 279 230 0.814 0.800 1 .75m 4800.0 4200.0 0.0 248 204 0.803 0.800 0.38
4000.0 2600.0 0.0 215 177 0.792 0.800 -1.00
11900.0 5900.0 375.0 1000 1000 1.106 1 .000 10.60 *
11900.0 100.0 375.0 691 691 1.000 1.000 0.00
100.0 5900.0 375.0 638 63B 1.000 1.000 0.00
,r> 11700.0 5700.0 375.0 475 475 1.156 1 .000 15.60
Qj 100.0 5700.0 375.0 237 237 0.830 1 .000 -17.00
11300.0 100.0 375.0 167 167 0.738 0.800 -7.75
500.0 500.0 375.0 157 157 0.824 0.800 3.00
10900.0 5300.0 375.0 137 137 0.828 0.800 3.50
11700.0 4900.0 375.0 131 131 0.753 0.800 -5.87
WRT stands For * with respect to * DeFLection Factor = 0.00B1 mm Force Factor = 0.175B kN
TABLE BA.2 (continued)
Re
ne
ct
ur
e
C oord ina tes oF th e  p o in t PermitLage 
WRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
5400.0 2200.0 0.0 965 0.669 0.600 11.50
c. 6600.0 5400.0 0.0 919 0.679 0.600 13.17
co
QJ
ZP 3100.0 3000.0 0.0 862 0.673 0.600 12.17
•H  , *
d 2200.0 2200.0 0.0 716 0.679 0.600 13.17
u
Qj E 1000.0 2600.0 0.0 539 0.706 0.600 17.67O 1000.0 200.0 0.0 411 0.710 0.600 IB.33Cjl
Oi hJo 11000.0 5000.0 0.0 367 0.774 0.600 29.00□ m 600.0 5000.0 0.0 362 0.738 0.600 23.00
11400.0 1000.0 0.0 338 0.750 0.600 25.00
11800.0 0.0 750.0 1000 119 0.713 0.600 18.83
11800.0 5600.0 750.0 815 97 0.685 0.600 14.17
e 0.0 5B00.0 750.0 7B4 93 0.690 0.600 15.00
Qj
zn 11400.0 1200.0 750.0 540 64 0.621 0.600 3.50d
mmJ 11400.0 2000.0 750.0 471 56 0.618 0.600 3.00
CL 11400.0 2400.0 750.0 452 54 0.611 0.600 1 .83
O
H - 10600.0 4B00.0 750.0 325 3B 0.582 0.600 -3.00
u 4600.0 4400.0 750.0 271 32 0.651 0.600 8.50
CM 10400.0 1400.0 750.0 155 18 0.719 0.600 19.83
12000.0 5800.0 0.0 1000 823 0.740 0.600 23.33
o c
C_ 12000.0 200.0 0.0 911 750 0.670 0.600 11 .67
Qj 11800.0 6000.0 0.0 772 636 0.778 0.600 29.67
Qj
d 200.0 6000.0 0.0 608 501 0.697 0.600 16.17
U
e 12000.0 5400.0 0.0 592 488 0.536 0.600 -10.67
O o 12000.0 600.0 0.0 548 451 0.540 0.600 -10.00U -
o 5200.0 5800.0 0.0 279 230 0.621 0.600 3.50
m 4800.0 4200.0 0.0 248 204 0.604 0.600 0.67
4000.0 2600.0 0.0 215 177 0.5B6 0.600 -2.33
11900.0 5900.0 375.0 1000 1000 1.289 1 .000 28.90 -*•
11900.0 100.0 375.0 691 691 1.030 1 .000 3.00
100.0 5900.0 375.0 638 63B 1.034 1 .000 3.40
n 11700.0 5700.0 375.0 475 475 1.955 I .000 95.50
D k 100.0 100.0 375.0 445 445 0.811 1 .000 -18.90
100.0 5700.0 375.0 237 237 0.705 1 .000 -29.50
11300.0 100.0 375.0 167 167 0.540 0.600 -10.00
500.0 500.0 375.0 157 157 0.602 0.600 0.33
10900.0 5300.0 375.0 137 137 0.661 0.600 10.17
5400.0 3000.0 0.0 959 0.464 0.400 16.00
L . 3800.0 5400.0 0.0 902 0.476 0.400 19.00
co
Qj
ZJ* 7800.0 200.0 0.0 924 0.469 0.400 17.25
• f-4 d. j 10200.0 3B00.0 0.0 522 0.516 0.400 29.00
t j
Qj E 1000.0 3B00.0 0.0 51B 0.516 0.400 29.00
m-Jft
O 9800.0 200.0 0.0 510 0.503 0.400 25.75
oj o 11400.0 1400.0 0.0 386 0.553 0.400 38.25□ m 200.0 1000.0 0.0 297 0.608 0.40B 52.00
11800.0 5800.0 0.0 143 0.747 0.400 86.75
11800.0 0.0 750.0 1000 119 0.553 0.400 38.25
11800.0 6000.0 750.0 904 10B 0.522 0.400 30.50
c. 0.0 5B00.0 750.0 784 93 0.564 0.400 41 .00
ZF* 11400.0 4400.0 750.0 498 59 0.410 0.400 2.50
J2 11400.0 2800.0 750.0 442 52 0.413 0.400 3.25
CL 11000.0 2000.0 750.0 440 52 0.430 0.400 7.50
O
H- 10600.0 4000.0 750.0 359 42 0.404 0.400 1 .00
u 5000.0 B00.0 750.0 262 31 0.440 0.400 10.00
CO 9400.0 3200.0 0.0 166 19 0.372 0.400 -7.00
M-
12000.0 5B00.0 0.0 1000 B23 0.614 0.400 53.50
o c 12000.0 200.0 0.0 911 750 0.518 0.400 29.50
Qj 11B00.0 6000.0 0.0 772 636 0.705 0.400 76.25
QJ
d 12000.0 600.0 0.0 548 451 0.375 0.400 -6.25
U E 11600.0 5000.0 0.0 399 329 0.406 0.400 1.50
o  11 3 12000.0 1000.0 0.0 394 325 0.340 0.400 -15.00
o 5600.0 1000.0 0.0 262 216 0.405 0.400 1.25m 7600.0 200.0 0.0 196 162 0.416 0.400 4.00
10400.0 2200.0 375.0 161 132 0.420 0.400 5.00
11900.0 5900.0 375.0 1000 1000 1.5B5 1 .000 58.50 *
11900.0 100.0 375.0 691 691 1.078 1 .000 7.80
100.0 5900.0 375.0 63B 638 1.115 1 .000 11 .50
n 11700.0 5700.0 375.0 475 475 7.330 1 .000 633.00
QJ 100.0 100.0 375.0 445 445 0.736 1 .000 -26.40
11700.0 100.0 375.0 255 255 0.935 1 .000 -6.50
10900.0 5300.0 375.0 137 137 0.443 0.400 10.75
10900.0 4900.0 375.0 120 120 0.474 0.400 18.50
500.0 900.0 375.0 105 105 0.3B5 0.400 -3.75
WRT stands For ' with respect t o '  DeFlection Factor = 0.00B1 mm Force Factor = 0.175B kN
ucucOl
DC
Coordinates oP the point Permillage
X
mm
>- 
1
z
mm
Nl N2 S Nl N2 S
mated
Ratio Nl N2 S
11800.0 5800.0 750.0 1000 777 333 0.811 0.811 0.812 0.800 1 .38 1 .38 1 .50
in a» 11800.0 200.0 750.0 993 327 1000 0.826 0.822 0.827 0.800 3.25 2.75 3.38C.o 11800.0 5400.0 750.0 824 400 637 0.794 0.714 0.887 0.800 -0.75 -10.75 10.88
• Hft 200.0 200.0 750.0 579 57 783 0.930 0.516 1.021 0.800 16.25 -35.50 27.62
01 11000.0 5000.0 750.0 491 176 472 0.803 0.745 0.840 0.800 0.38 -6.87 5.00
11400.0 2200.0 750.0 432 144 866 0.602 0.877 0.820 0.800 0.25 9.63 2.50
•a 10800.0 1000.0 750.0 346 81 641 0.795 0.946 0.820 0.800 -0.62 18.25 2.50
xz 3800.0
3000.0
4200.0
2200.0
750.0
750.0
4
9
272
244
416
353
0.000 
0.000
0.828
0.831
0.816
0.822
0.800
0.800
3.50
3.88
2.00
2.75
11800.0 5800.0 750.0 1000 389 1000 1.019 3.871 1.284 0.800 27.38 383.87 60.50
11800.0 200.0 750.0 669 227 645 0.9B9 4.815 1.239 0.800 23.63 501.87 54.88
incuc_
200.0 5800.0 750.0 543 212 544 1.036 4.771 1.329 0.800 29.50 496.37 66.13
11800.0 5400.0 750.0 493 68 305 0.825 0.591 0.882 0.800 3.13 -26.12 10.25J3
•H 1 1400.0 5400.0 750.0 478 144 240 1.001 0.804 1.119 0.800 25.12 0.50 39.87(1.
11800.0 600.0 750.0 417 121 387 0.864 2.306 1.006 0.800 B .00 18B.25 25.75D.D 11800.0 1000.0 750.0 330 113 319 0.818 1.063 0.869 0.800 2.25 32.87 8.63
J— 11800.0 2600.0 750.0 214 116 238 0.809 0.952 0.854 0.800 1.13 19.00 6.75
10600.0 1000.0 750.0 201 57 186 0.843 1.026 0.878 0.800 5.38 28.25 9.75
11800.0 5800.0 750.0 1000 137 1000 1.103 3.000 1.322 0.800 37.B7 275.00 65.25
inOl 11800.0 200.0 750.0 824 173 877 1.080 3.169 1.220 0.800 35.00 296.13 52.50
L.JQ 200.0 5800.0 750.0 760 183 829 1.108 2.312 1.232 0.800 38.50 189.00 54.00
Cl! 200.0 200.0 750.0 594 213 710 1 .134 1.496 1.212 0.800 41 .75 87.00 51.50
11400.0 5800.0 750.0 301 152 131 0.715 0.782 0.657 0.800 -10.62 -2.25 -17.87
□ 11400.0 200.0 750.0 243 31 241 0.691 5.368 0.794 0.800 -13.62 571.00 -0.75•U*-> 200.0 5400.0 750.0 192 33 198 0.679 3.519 0.772 0.800 -15.12 339.88 -3.50□m 11400.0 5400.0 750.0 177 68 96 0.666 0.417 1.064 0.800 -16.75 -47.87 33.00
11800.0 1400.0 750.0 170 23 129 0.756 1.450 0.702 0.800 -5.50 81 .25 -12.25
11800.0 5800.0 750.0 1000 777 333 0.629 0.636 0.605 0.600 4.B3 6.00 0.83
in
tn
11800.0 200.0 750.0 993 327 1000 0.653 0.660 0.650 0.600 B.B3 10.00 8.33
11800.0 5400.0 750.0 824 400 637 0.599 0.497 0.744 0.600 -0.17 -17.17 24.00
r« 200.0 200.0 750.0 579 57 783 0.918 0.262 1.270 0.600 53.00 -56.33 111.67
0/ 11000.0 5000.0 750.0 491 176 472 0.595 0.558 0.618 0.600 -0.B3 -7.00 3.00
"O 11400.0 2200.0 750.0 432 144 866 0.605 0.759 0.637 0.600 0.83 26.50 6.17•o 10600.0 1000.0 750.0 346 81 641 0.577 0.958 0.624 0.600 -3.83 59.67 4.00
3= 3800.0
3000.0
4200.0
2200.0
750.0
750.0
4
9
272
244
416
353
0.000
0.000
0.660
0.660
0.639
0.639
0.600
0.600
10.00
10.00
6.50
6.50
11800.0 5800.0 750.0 1000 389 1000 1.007 1.679 1.825 0.600 67.83 179.83 204.17
11800.0 200.0 750.0 669 227 645 0.893 1.963 1.416 0.600 48. B3 227.17 136.00
in
cuU
JQ
*H
200.0 5800.0 750.0 543 212 544 1 .018 1.945 1.784 0.600 69.67 224.17 197.33
11800.0 5400.0 750.0 493 68 305 0.660 0.297 0.823 0.600 10.00 -50.50 37.17
11400.0 5400.0 750.0 478 144 240 0.816 0.605 0.960 0.600 36.00 0.83 60.00Cu
11800.0 600.0 750.0 417 121 387 0.679 4.572 0.915 0.600 13.17 662.00 52.50Q.O 11800.0 1000.0 750.0 330 113 319 0.643 1.197 0.729 0.600 7.17 99.50 21.50
H- 11800.0 2600.0 750.0 214 116 238 0.609 0.868 0.680 0.600 1.50 44.67 13.33
10600.0 1000.0 750.0 201 57 186 0.632 1.026 0.692 0.600 5.33 71.00 15.33
11800.0 5800.0 750.0 1000 137 1000 1. 1B0 0.474 2.045 0.600 96.67 -21.00 240.83
inQi 11800.0 200.0 750.0 824 173 877 1.118 1.899 1.545 0.600 86.33 216.50 157.50c.p 200.0 5800.0 750.0 760 183 829 1.236 3.519 1.676 0.600 106.00 486.50 179.33
n 200.0 200.0 750.0 594 213 710 1.363 5.065 1.690 0.600 127.17 744.17 1B1.67
e 11400.0 5800.0 750.0 301 152 131 0.549 0.516 0.586 0.600 -8.50 -14.00 -2.33
o - t > 11400.0 200.0 750.0 243 31 241 0.518 0.420 0.696 0.600 -13.67 -30.00 16.00
200.0 5400.0 750.0 192 33 198 0.543 0.715 0.734 0.600 -9.50 19.17 22.33
m 11400.0 5400.0 750.0 177 68 96 0.438 0.270 0.714 0.600 -27.00 -55.00 19.00
11800.0 1400.0 750.0 170 23 129 0.534 1.718 0.481 0.600 -11.00 186.33 -19.83
11800.0 200.0 750.0 993 327 1000 0.477 0.509 0.462 0.400 19.25 27.25 15.50
in
&
XI
11800.0 5400.0 750.0 824 400 637 0.417 0.334 0.547 0.400 4.25 -16.50 36.75
200.0 5800.0 750.0 803 299 757 0.619 0.516 0.702 0.400 54.75 29.00 75.50
• H
cu 11400.0 200.0 750.0 563 17 819 0.338 0.034 0.457 0.400 -15.50 -91.50 14.25
Qj 11800.0 1800.0 750.0 471 128 900 0.372 0.652 0.410 0.400 -7.00 63.00 2.50
TJ 11000.0 1000.0 750.0 447 87 802 0.396 3.237 0.489 0.400 -1 .00 709.25 22.25
*D 4600.0 2200.0 750.0 23 305 494 0.374 0.493 0.482 0.400 -6.50 23.25 20.50
XZ 4200.0 5000.0 750.0 17 251 350 1.128 0.470 0.424 0.400 182.00 17.50 6.00
6600.0 1800.0 750.0 13 22B 364 0.282 0.498 0.477 0.400 -29.50 24.50 19.25
11800.0 5800.0 750.0 1000 389 1000 0.877 0.670 2.484 0.400 119.25 67.50 521.00
11800.0 200.0 750.0 669 227 645 0.679 0.9B0 1.190 0.400 69.75 145.00 197.50
ui 200.0 5800.0 750.0 543 212 544 0.880 1.070 1.807 0.400 120.00 167.50 351.75QiU 11800.0 5400.0 750.0 493 68 305 0.502 0.152 0.800 0.400 25.50 -62.00 100.00X
• H 11400.0 5400.0 750.0 478 144 240 0.5B9 0.365 0.800 0.400 47.25 -8.75 100.00Cl. 11800.0 600.0 750.0 417 121 387 0.478 0.981 0.719 0.400 19.50 145.25 79.75o_
o 11400.0 3400.0 750.0 242 83 234 0.472 0.890 0.536 0.400 18.00 122.50 34.00I— 11400.0 3000.0 750.0 232 100 240 0.460 0.850 0.534 0.400 15.00 112.50 33.50
5400.0 2200.0 750.0 8 180 135 0.322 0.571 0.553 0.400 -19.50 42.75 38.25
11800.0 5800.0 750.0 1000 137 1000 1.095 0.234 3.506 0.400 173.75 -41.50 776.50
inQi 11800.0 200.0 750.0 824 173 877 0.9B1 0.727 1.660 0.400 145.25 81 .75 315.00
C.
JQ 200.0 5800.0 750.0 760 183 829 1.332 0.954 2.494 0.400 233.00 13B.50 523.50
Cu 200.0 200.0 750.0 594 213 710 1.875 2.044 3.800 0.400 36B.75 411.00 850.00
E 11800.0 5400.0 750.0 256 215 35 0.332 0.459 0.134 0.400 -17.00 14.75 -66.50O,i i 11800.0 5000.0 750.0 197 126 61 0.300 0.3B7 0.213 0.400 -25.00 -3.25 -46.75
200.0 5400.0 750.0 192 33 198 0.477 0.221 0.898 0.400 19.25 -44.75 124.50
m 11800.0 4600.0 750.0 180 74 93 0.322 0.454 0.267 0.400 -19.50 13.50 -33.25
11800.0 4200.0 750.0 167 43 108 0.330 0.541 0.290 0.400 -17.50 35.25 -27.50
Actual Ratio Esti- Percentage Error
a:
Nl and N2 relate to the normal principal stresses» and S relates to the shear stress. Normal
stress Factor For the top> middle and bottom Fibers are 0.00EB» 0.0030 and 0.0077 kN/mm » respectively.
CASE 5c  I One -span bridge
Supports: The indicated bottom layer joints are constrained as Follows!
■ Complete translational constraints 
□ Vertical constraint 
fl Constraints in Y-and Z-directions 
Loading: Unsymmetric UDL load =10.0 kN/m^
The load is applied at the top layer joints within the shaded area as point loads P 
The modulus oF elasticity For the skeletal and slab elements are 200 and 20 kN/mm^  
respectively.
Poison's r a t io  For the  s k e le ta l and s lab  elements are  0 .3 0  and 0 . 18 ,  
re s p e c tiv e ly .
i
*
44.00 m
TABLE 6.5.1
Number
oF
joints
Number
oF
members
Height
mm
Load
kN
Slab
Thick-
ness<mm>
A
mm^
Section
Dimensions
mm
T TlT?
Structure 1015 3710 2500 P =-20.000 120.00
9500.00
2900.00
CHS p 273.00x25.00 
CHS P 273.00.18.00
B B1B?
9500.00
2900.00
CHS 0 273.00x25.00 
CHS P 273.00x18.00
V VIV?
5500.00
2900.00
CHS 0 273.00x25.00 
CHS P 273.00x18.00
T TlT?
Renecture
1c
6B7 2181 2500 P =-29.189 98.00
5800.00
2900.00
RCD
CHS P 273.00x18.00
B B1B?
5800.00
2900.00
RCD
CHS P 273.00x18.00
V VIV?
9500.00
2900.00
CHS 0 273.00>25.00 
CHS 0 273.00x18.00
T TlT?
Renecture
2c
123 1191 2500 P —18.552 73.00
1900.00
2900.00
RCD
CHS P 273.00x18.00
B B1B?
1900.00
2900.00
RCD
CHS P 273.00x18.00
V VIV?
9500.00
2900.00
CHS P 273.00x25.00 
CHS 0  273.00x18.00
T TlT?
Renecture
3c
223 710 2500 P =-85.711 50.00
8200.00
2900.00
RCD
CHS P 273.00*18.00
B
B1
B?
8200.00
2900.00
RCD
CHS 0 273.00x18.00
V V1V2
9500.00
2900.00
CHS 0 273.00x25.00 
CHS a  273.00x18.00
T, B and W relate to the top layer, bottom layer and web members, respectively.
T! and B1 relate to the boundary members oF the top and bottom layers, respectively.
T2 and B2 relate to the non-boundary members oF the top and bottom layers, respectively. 
W1 relates to the web members dF the boundary modules situated Dn the longer side oF the 
structure, and W2 relates to all remaining web members.
RCD stands For ‘ reduced cross-section density'.
Supports Line
Supports Line
Position oF supports 
in Renecture 1
Position oF supports 
in Renecture 2
TABLE 6.5.2
Re
ne
ct
ur
e Coordinates oF the point Permillage 
VRT the 
Layer
Permillage 
WRT the 
Structure
Actual
Ratio
Estimated
Ratio
Percentage
Error
X
mm
r
mm
z
mm
22000.0 2000.0 0.0 935 0.829 0.818 1 .34
L. 17000.0 i 000.0 0.0 903 0.833 0.818 1 .83
C
o
CU 22000.0 4000.0 0.0 881 0.832 0.818 1 .71
cS 23000.0 17000.0 0.0 761 0.827 0.818 1.10
u
CU E 24000.0 14000.0 0.0 750 0.831 0.818 1.59
Cl.
O 11000.0 13000.0 0.0 520 0.839 0.818 2.57
a o 36000.0 14000.0 0.0 381 0.848 0.818 3.67tn 7000.0 19000.0 0.0 339 0.B48 0.818 3.67
3000.0 11000.0 0.0 116 0.925 0.818 13.08
24000.0 0.0 2500.0 992 241 0.B10 0.818 -0.98
26000.0 22000.0 2500.0 873 213 •0.807 0.818 -I .34
L_ 16000.0 22000.0 2500.0 632 202 0.809 0.818 -1.10
33500.0 1500.0 2500.0 633 154 1.034 0.818 26.41 *
3 31500.0 1500.0 2500.0 591 144 1.054 0.B18 28.85 *
CL 25500.0 7500.0 2500.0 481 117 0.840 0.818 2.69
O
H- 23500.0 13500.0 2500.0 331 80 0.7B7 0.618 -3.79
u 22500.0 500.0 2500.0 325 79 0.791 0.818 -3.30
44000.0 12000.0 2500.0 286 69 0.664 0.618 5.62
in
20000.0 21000.0 0.0 890 890 0.810 0.818 -0.98
Q£
L. 16000.0 21000.0 0.0 661 861 0.812 0.818 -0.73
cu
:x> 14000.0 1000.0 0.0 857 857 0.615 0.818 -0.37
CU
d 30000.0 21000.0 0.0 749 749 0.B15 0.818 -0.37
ut E 34000.0 1000.0 0.0 688 688 0.814 0.818 -0.49
o 11
O
•+* 32000.0 21000.0 0.0 666 666 0.819 0.816 0.12
h->
o 40500.0 7500.0 0.0 212 212 0.855 0.818 4.52
CQ 26500.0 14500.0 0.0 154 154 0.820 0.818 0.24
38500.0 2500.0 0.0 125 125 0.842 0.818 2.93
42500.0 1000.0 1250.0 999 382 0.775 1 .000 -22.50 *
2500.0 1000.0 1250.0 864 330 1.130 1 .000 13.00 +
36500.0 1000.0 1250.0 575 220 0.764 0.818 -6.60
XI 7500.0 2000.0 1250.0 455 174 0.730 0.818 -10.76
CU2* 6500.0 21000.0 1250.0 425 162 0.771 0.818 -5.75
14500.0 1000.0 1250.0 405 155 0.769 0.818 -5.99
30500.0 21000.0 1250.0 203 77 0.742 0.818 -9.29
18500.0 21000.0 1250.0 170 65 0.789 0.818 -3.55
16500.0 19000.0 1250.0 160 61 0.5B2 0.818 -28.85
WRT stands For * with respect to ' DePtection Factor = 0.0755 mm Stress Factor = 0.139B N /m m  2
TABLE 6.5.2 (continued)
R
en
ec
tu
re Coordinates oF the point P e rm illa g e  
WRT th e  
L ayer
P e rm illa g e  
WRT th e  
S tru c tu re
A ctu a l
R a tio
E s tim ated
R a tio
P ercentage
E rro r
X
mm
r
mm
z
mm
co
• r—t 
* *  u ai
%a
£_ 
QJ 31 CJ _t
EO
•*>
*>
om
22000.0
17000.0
22000.0
23000.0
24000.0
11000.0 
3G000.0
7000.0
3000.0
2000.0
1000.0
4000.0
17000.0
14000.0
13000.0
14000.0
19000.0
11000.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
935 
903 
881 
761 
750 
520 
381 
339 
116
0.68B
0.6B5
0.690
0.691
0.693
0.713
0.731
0.735
0.938
0.636
0.636
0.636
0.636
0.636
0.636
0.636
0.636
0.636
8.IB 
7.70 
8.49 
8.65 
8.96 
12.11 
14.94 
15.57 
47.48
24000.0 0.0 2500.0 992 241 0.637 0.636 0.16
26000.0 22000.0 2500.0 873 213 0.632 0.636 -0.63
L. 16000.0 22000.0 2500.0 832 202 0.635 0.636 -0.16
Qj31 33300.0 1500.0 2500.0 633 154 1.324 0.636 108.18 Kd
_ / 31300.0 1500.0 2500.0 591 144 1.341 0.636 110.85 K
a. 23500.0 7500.0 2500.0 481 117 0.707 0.636 11 .16o
H - 23500.0 13500.0 2500.0 331 80 0.625 0.636 -1.73
u 22300.0 500.0 2500.0 325 79 0.584 0.636 -8.18
N 44000.0 12000.0 2500.0 286 69 0.825 0.636 29.72
in
20000.0 21000.0 0.0 890 890 0.662 0.636 4.09
DC. L 1B000.0 21000.0 0.0 861 861 0.665 0.636 4.56
QJ31 14000.0 1000.0 0.0 857 857 0.664 0.636 4.40
Qj CJ 30000.0 21000.0 0.0 749 749 0.668 0.636 5.03
u E 34000.0 1000.0 0.0 688 68B 0.668 0.636 5.03
o O•»> 32000.0 21000.0 0.0 666 666 0.679 0.636 6.76u.
o 40500.0 7500.0 0.0 212 212 0.722 0.636 13.52
m 28500.0 14500.0 0.0 154 154 0.670 0.636 5.35
38500.0 2500.0 0.0 125 125 0.702 0.636 10.38
42500.0 1000.0 1250.0 999 382 0.619 1 .000 -38.10 ¥
2500.0 1000.0 1250.0 864 330 1.437 1 .000 43.70*
36500.0 1000.0 1250.0 575 220 0.585 0.636 -8.02
n 7500.0 2000.0 1250.0 455 174 0.525 0.636 -17.45
QJ 6500.0 21000.0 1250.0 425 162 0.615 0.636 -3.30
14500.0 1000.0 1250.0 405 155 0.628 0.636 -1.26
30500.0 21000.0 1250.0 203 77 0.569 0.636 -10.53
18500.0 21000.0 1250.0 170 65 0.657 0.636 3.30
16500.0 1S000.0 1250.0 160 61 0.366 0.636 -42.45
22000.0 2000.0 0.0 935 0.565 0.455 24.10
t_ 17000.0 1000.0 0.0 903 0.574 0.455 26.15
co
Dj
31 22000.0 4000.0 0.0 881 0.562 0.455 23.52
•*> d 23000.0 17000.0 0.0 761 0.574 0.455 26.15uQJ E 24000.0 14000.0 0.0 750 0.580 0.455 27.47
t l
O 11000.0 13000.0 0.0 520 0.616 0.455 35.38
a -4-1□ 36000.0 14000.0 0.0 381 0.648 0.455 42.42CQ 7000.0 19000.0 0.0 339 0.670 0.455 47.25
3000.0 11000.0 0.0 116 1 .342 0.455 194.95
24000.0 0.0 2500.0 992 241 0.4B1 0.455 5.71
26000.0 22000.0 2500.0 873 213 0.473 0.455 3.96
t - 16000.0 22000.0 2500.0 832 202 0.486 0.455 6.81
3 i 33500.0 1500.0 2500.0 633 154 5.501 0.455 xxxxxx
— » 31500.0 1500.0 2500.0 591 144 3.21B 0.455 607.25 *
n. 25500.0 7500.0 2500.0 481 117 0.512 0.455 12.53o 
I— 23500.0 13500.0 2500.0 331 80 0.473 0.455 3.96
u 22500.0 500.0 2500.0 325 79 0.314 0.455 -30.99
0 3 44000.0 12000.0 2500.0 286 69 1.255 0.455 175.82
in
20000.0 21000.0 0.0 890 B90 0.540 0.455 1B.6Boc
L 18000.0 21000.0 0.0 861 861 0.532 0.455 16.92Qj31 14000.0 1000.0 0.0 857 B57 0.530 0.455 16.48
Ol
a 30000.0 21000.0 0.0 749 749 0.537 0.455 IB.02
u
t_ E 34000.0 1000.0 0.0 688 68B 0.552 0.455 21 .32
a 11 3 32000.0 21000.0 0.0 666 666 0.571 0.455 25.49
O 40500.0 7500.0 0.0 212 212 0.634 0.455 39.34
CO 28500.0 14500.0 0.0 154 154 0.540 0.455 18.68
38500.0 2500.0 0.0 125 125 0.444 0.455 -2.42
42500.0 1000.0 1250.0 999 382 0.513 1 .000 -48.70 *
2500.0 1000.0 1250.0 864 330 2.419 1 .000 141 .90'*
36500.0 1000.0 1250.0 575 220 0.464 0.455 1 .98
-O 7500.0 2000.0 1250.0 455 174 0.408 0.455 -10.33
O i 6500.0 21000.0 1250.0 425 162 0.594 0.455 30.55
14500.0 1000.0 1250.0 405 155 0.514 0.455 12.97
30500.0 21000.0 1250.0 203 77 0.459 0.455 0.B8
1B500.0 21000.0 1250.0 170 65 0.691 0.455 51 .87
16500.0 19000.0 1250.0 160 61 0.319 0.455 -29.89
WRT stands For 'w ith  respect to  ' DeFlection Factor = 0.0755 mm Stress Factor = 0.1396 N/mn>2
ai(_3 Coordinates oF the point Permillage Actual Ratio Esti­
mated
Percentage Error
uQJCQj X Y z Nl N2 S Nl N2 S Ratio Nl N2 S
DC mm mm mm
24000.0 1000.0 2500.0 244 992 992 0.688 0.812 0.784 0.818 -15.B9 -0.73 -4.16
inQi 22000.0 5000.0 2500.0 29 889 690 1 .211 0.799 0.757 0.818 48.04 -2.32 -7.46Un 16000.0 21000.0 2500.0 196 816 812 0.697 0.811 0.786 0.8)8 -14.79 -0.86 -3.91
•H
a.
Oi
12000.0 21000.0 2500.0 165 679 678 0.704 0.816 0.792 0.818 -13.94 -0.24 -3.18
30000.0 17000.0 2500.0 5 662 536 0.000 0.797 0.759 0.818 -2.57 -7.21
6000.0 1000.0 2500.0 156 536 556 0.721 0.872 0.832 0.818 -11.86 6.60 1 .71*o
•a 6000.0 15000.0 2500.0 36 373 270 1.626 0.796 0.754 0.818 98.78 -2.69 -7.82
3C 6000.0 17000.0 2500.0 56 317 300 0.794 0.813 0.810 0.818 -2.93 -0.61 -0.98
2000.0 11000.0 2500.0 162 116 223 1.036 0.8B8 0.969 0.818 26.65 8.55 18.46
in
inQJ
c.
26000.0 5000.0 2500.0 40 877 737 0.443 0.825 0.795 0.818 -45.B4 0.86 -2.81
20000.0 7000.0 2500.0 97 815 577 1.263 0.819 0.782 0.818 54.40 0.12 -4.40
U
•*j
cn tn 18000.0 19000.0 2500.0 168 808 785 0.812 0.826 0.823 0.818 -0.73 0.98 0.61QiL 10000.0 7000.0 2500.0 69 694 614 0.653 0.832 0.812 0.818 -20.17 1.71 -0.73
in cCL•O 36000.0 11000.0 2500.0 10 455 357 0.000 0.838 0.829 0.B18 2.45 1.34
DC U Cl. 8000.0 17000.0 2500.0 65 428 396 0.731 0.829 0.814 0.818 -10.64 1 .34 -0.49c• H CLo 6000.0 19000.0 2500.0 153 391 438 1.016 0.902 0.931 0.818 24.21 10.27 13.81c.n H- 4000.0 11000.0 2500.0 132 279 330 0.925 0.879 0.893 0.818 13.08 7.46 9.17
42000.0 11000.0 2500.0 188 151 273 1.108 1.003 1.058 0.818 35.45 22.62 29.34
24000.0 1000.0 2500.0 245 992 992 0.649 0.788 0.756 0.818 -20.66 -3.67 -7.58
tn
Qi
i.
26000.0 5000.0 2500.0 80 874 635 3.185 0.778 0.722 0.818 289.36 -4.89 -11.74
16000.0 5000.0 2500.0 59 853 636 x x x x x 0.780 0.725 0.818 x x x x x x -4.65 -11 .37X)
30000.0 17000.0 2500.0 51 657 485 10.83 0.769 0.713 0.818 x x x x x x -5.99 -12.84tu
16000.0 11000.0 2500.0 286 643 2B6 0.934 0.767 0.671 0.818 14.18 -6.23 -17.97Eo 30000.0 13000.0 2500.0 231 578 277 0.9B6 0.760 0.659 0.818 20.54 -7.09 -19.44
38000.0 11000.0 2500.0 8 336 262 0.000 0.786 0.757 0.818 -3.91 -7.46o
m 40000.0 9000.0 2500.0 121 305 342 0.764 0.806 0.793 0.818 -6.60 -1.47 -3.06
40000.0 19000.0 2500.0 71 232 243 0.852 0.950 0.924 0.818 4.16 16.14 12.96
24000.0 1000.0 2500.0 244 992 992 0.440 0.638 0.586 0.636 -30.82 0.31 -7.86
inQiu
22000.0 5000.0 2500.0 29 889 690 0.165 0.601 0.520 0.636 -74.06 -5.50 -18.24
16000.0 21000.0 2500.0 196 816 812 0.455 0.635 0.590 0.636 -28.46 -0.16 -7.23
•H 12000.0 21000.0 2500.0 165 679 678 0.467 0.653 0.606 0.636 -26.57 2.67 -4.72
Qi 30000.0 17000.0 2500.0 5 662 536 0.000 0.604 0.533 0.636
-5.03 -16.19
6000.0 1000.0 2500.0 156 536 556 0.499 0.763 0.681 0.636 -21 .54 19.97 7.08TD
1 ° 8000.0 15000.0 2500.0 36 373 270 1.196 0.606 0.520 0.636 88.05 -4.72 -18.24ac 6000.0 17000.0 2500.0 56 317 300 0.472 0.643 0.610 0.636 -25.79 1 .10 -4.09
2000.0 11000.0 2500.0 162 116 223 1.135 0.7B7 0.958 0.636 7B.46 23.74 50.63
in
inaic.
26000.0 5000.0 2500.0 40 877 737 0.1B0 0.642 0.577 0.636 -71.70 0.94 -9.2B
20000.0 7000.0 2500.0 97 815 577 4.657 0.631 0.547 0.636 632.23 -0.79 -13.99
UCM
•¥*
U) tn 18000.0 19000.0 2500.0 168 808 785 0.549 0.657 0.632 0.636 -13.68 3.30 -0.62QiU 10000.0 7000.0 2500.0 69 694 614 0.371 0.666 0.621 0.636 -41.67 4.72 -2.36
in dCL JD 36000.0 11000.0 2500.0 10 455 357 0.373 0.664 0.623 0.636 -41.35 4.40 -2.04
o : U
Cu
8000.0 17000.0 2500.0 65 428 396 0.462 0.666 0.629 0.636 -27.36 4.72 -1 .10c CL
O 6000.0 19000.0 2500.0 153 391 438 1.079 0.824 0.883 0.636 69.65 29.56 38.84
t f c
H 4000.0 11000.0 2500.0 132 279 330 0.792 0.731 0.750 0.636 24.53 14.94 17.92
42000.0 11000.0 2500.0 188 151 273 1.292 0.9B5 1.134 0.636 103.14 54.87 78.30
24000.0 1000.0 2500.0 245 992 992 0.399 0.601 0.546 0.636 -37.26 -5.50 -14.15
tnQi 26000.0 5000.0 2500.0 80 874 635 0.546 0.569 0.471 0.636 -14.15 -IB.53 -25.94Un 16000.0 5000.0 2500.0 59 853 636 0.358 0.571 0.478 0.636 -43.71 -10.22 -24.84
CU 30000.0 17000.0 2500.0 51 657 485 0.413 0.563 0.469 0.636 -35.06 -11 .48 -26.26
16000.0 11000.0 2500.0 2B6 643 286 1.197 0.540 0.375 0.636 8B.21 -15.09 -41.04
o 30000.0 13000.0 2500.0 231 578 277 1.596 0.533 0.369 0.636 150.94 -16.19 -41.98
38000.0 11000.0 2500.0 8 336 262 0.179 0.575 0.516 0.636 -71.86 -9.59 -18.87om 40000.0 9000.0 2500.0 121 305 342 0.517 0.607 0.578 0.636 -18.71 -4.56 -9.12
40000.0 19000.0 2500.0 71 232 243 0.955 0.904 0.915 0.636 50.16 42.14 43.87
24000.0 1000.0 2500.0 244 992 992 0.251 0.479 0.406 0.455 -44.84 5.27 -10.77
inQi 22000.0 5000.0 2500.0 29 889 690 0.000 0.426 0.324 0.455 -6.37 -28.79C.n 16000.0 21000.0 2500.0 196 816 812 0.274 0.4B3 0.421 0.455 -39.78 6.15 -7.47
• *-4CU 12000.0 21000.0 2500.0 165 679 678 0.288 0.509 0.442 0.455 -36.70 11.87 -2.86
Qi
"O
30000.0 17000.0 2500.0 5 662 536 0.000 0.431 0.345 0.455 -5.27 -24.18
6000.0 1000.0 2500.0 156 536 556 0.347 0.590 0.510 0.455 -23.74 29.67 12.09
*D 8000.0 15000.0 2500.0 36 373 270 0.244 0.430 0.330 0.455 -46.37 -5.49 -27.47
ac 6000.0 17000.0 2500.0 56 317 300 0.697 0.574 0.590 0.455 53.19 26.15 29.67
2000.0 11000.0 2500.0 162 116 223 1.417 0.766 1.046 0.455 211.43 68.35 129.89
in
Qj 26000.0 5000.0 2500.0 40 877 737 0.000 0.473 0.386 0.455 3.96 -15.16L. ■ . 20000.0 7000.0 2500.0 97 815 577 0.268 0.438 0.323 0.455 -41 .10 -3.74 -29.01
uCTJ
03 tn 18000.0 19000.0 2500.0 168 808 785 0.298 0.483 0.437 0.455 -34.51 6.15 -3.96
—> u 10000.0 7000.0 2500.0 69 694 614 0.166 0.492 0.418 0.455 -63.52 8.13 -8.13
in CL JQ• H 36000.0 11000.0 2500.0 10 455 357 0.000 0.4B5 0.404 0.455 6.59 -11.21
DC U Cu 8000.0 17000.0 2500.0 65 428 396 0.297 0.541 0.488 0.455 -34.73 IB.90 7.25
ks
•r-»
Q.
O 6000.0 19000.0 2500.0 153 391 438 1.178 0.781 0.863 0.455 158.90 71 .65 89.67L
CL
l— 4000.0 11000.0 2500.0 132 279 330 0.650 0.578 0.599 0.455 42.B6 27.03 31 .65
42000.0 11000.0 2500.0 188 151 273 1.700 1.023 1.312 0.455 273.63 124.84 188.35
24000.0 1000.0 2500.0 245 992 992 0.223 0.438 0.367 0.455 -50.99 -3.74 -19.34
tnQi 26000.0 5000.0 2500.0 B0 874 635 0.136 0.397 0.284 0.455 -70.11 -12.75 -37.58
u
J 3 16000.0 5000.0 2500.0 59 853 636 0.102 0.408 0.296 0.455 -77.5B -10.33 -34.95
CU 30000.0 17000.0 2500.0 51 657 485 0.120 0.389 0.286 0.455 -73.63 -14.51 -37.14
g 16000.0 11000.0 2500.0 286 643 286 3.202 0.343 0.182 0.455 603.74 -24.62 -60.00
O  ,, % 30000.0 13000.0 2500.0 231 578 277 1.310 0.338 0.183 0.455 187.91 -25.71 -59.78
38000.0 11000.0 2500.0 8 336 262 0.000 0.412 0.331 0.455 -9.45 -27.25
CD 40000.0 9000.0 2500.0 121 305 342 0.349 0.484 0.436 0.455 -23.30 6.37 -4.18
40000.0 19000.0 2500.0 71 232 243 2.212 0.809 1.194 0.455 386.15 77.80 162.42
Nl and N2 re late  to the normal principal stresses, and S relates to the shear stress. Normal
stress Factor For the top, middle and bottom Fibers are 0.0074, 0.00B5 and 0.0057 kN/mm2, respectively.
6.3.2 DISCUSSION
From a study of the results of examples in this chapter and comparison of 
them with those in the previous chapter the following conclusions can be 
made:
(1) The displacements and member forces/stresses in a composite double 
layer grid follow the same pattern as in a non-composite grid.
However, the results for top layer members show larger errors in
composite grids.
(2) The results for principal stresses show larger errors as compared 
with the skeletal members. This can be due to the effects of the
method of determining of section properties of slab which has been
adopted. The results, however, show relatively smaller errors for 
principal and maximum shear stresses for the middle fibres than other 
fibres.
(3) The samples of stresses that are near an isolated support/load 
normally show larger errors as compared with those that are at a
distance from the support or the concentrated applied load. This is due
to the sharp variation of stresses around the support/load.
(4) Excluding the samples that are near a support/load or in a region 
with sharp variations, the results show less errors for samples in
which the values of displacements or forces/stresses are relatively high.
(5) The percentage errors for stresses in case lc are relatively large. 
This is because, most of the samples are near the supports, which
are spaced in close intervals and thus causing sharp variations in stress 
distribution around the supported edges of the structure.
(6) In cases lc and 2c the ratios of the slab thickness and grid height 
are 1/300 and 1/250, respectively. Hence, the behaviour of the slab
has considerably been dominated by memberane action. In other words, 
bending stresses are very small as compared with the memberane stresses 
even at the top and bottom fibres. The above ratio for cases 3c and 4c
is 1/11, and this for case 5c is almost equal to 1/21.
(7) In case 5c, to allow the evaluation of the overhang effects, the
applied loads in the renectures of the structure have not been
modified. However, the results for this case do not show larger errors
as compared with other cases. The ratio of the length of overhang and
the relevant dimension of the grid in this example is equal to 1/60.
When this ratio becomes larger, the results of the renection method can 
significantly be influenced by the overhang effects. In these cases the
loads applied to the renectures of the structures should be modified for
overhang effects. This can be achieved using a procedure similar to that
for case 18 in the previous chapter.
CHAPTER 7
CONCLUDING REMARKS
The renection method is an approximate method of analysis for dense space 
structures. This method is based on transforming the original structure 
to a reduced structure. In this work, the concepts of the method have 
been developed with reference to single and double layer grids. However, 
the fundamentals of the method can be applied to many other types of 
space structures such as multiple layers, barrel vaults, domes and cable 
systems.
In the renection method the response of a structure under the 
action of a given system of external forces or displacements, can be 
assessed using the results of analysis for a chosen renecture o f \ i t .  The 
relationship between the behaviours of the structure and its renecture is 
described in terms of the renection factor.
When the structure is a single layer grid, the renection factor is
almost equal to the ratio of the total material in the renecture and that 
in the structure, while this factor is only equal to the average material
ratios for the top and bottom layers in a double layer grid.
Having considered the results of all the numerical studies, the 
following general conclusions can be made:
(a) The overall behaviours of a structure and its renectures have been 
similar in all the cases. This similarity is rather disturbed near
the regions having local sharp variations. The sharp variations in 
distribution of forces or stresses may occur near (i) an isolated point
load, (ii) an isolated internal support and (iii) the peak points in 
diagonal grids.
(b) The maximum level of density reduction for a double layer grid
beyond which the results of application of the method becomes
unacceptable is normally 50%. However, depending on the configuration of 
the structure to be analysed, this level may take smaller values.
(c) The percentage errors for displacements and forces/stresses in each 
case depends on the regularity of the geometric pattern of the
structure, support conditions and external loading as well as the degree 
of similarity of the structure and its renecture.
(d) The results of application of the method are more accurate for those 
points of a structure in which the values of displacements, forces
or stresses are relatively large.
(e) The renection factor relating to the web members of a grid that are 
within one module distance from an isolated support/load should be
taken equal to unity. A similar conclusion can be made for the 
horizontal members that are within such a distance from an isolated 
support, when the value of a horizontal reaction at the support is 
significantly large in comparison with the vertical reaction.
The main advantages of the renection method can be summarised as 
follows:
(1) Most of the existing approximate methods make use of an equivalent
slab or thin shell structure for solving a dense discrete structural 
system. The significance of the interconnection pattern is not 
completely reflected in the results obtained from these methods.
Therefore, their application may result in a continuum model which cannot 
reasonably represent the real structure. In the renection method, on the 
other hand, the original characteristics of a structure are kept almost
intact. As a result, the general pattern of behaviour of a renecture
remains almost the same as that in the original structure. Also, in 
comparison with finite difference methods, the renection method has the 
merit of allowing the analysis of extremely dense structures, while the 
finite difference methods are difficult to use for problems with complex 
geometry and arbitrary boundary conditions.
(2) The method does not involve long and complex formulations. It
requires a straight-forward analysis of a structure which is only
different from the original structure by the total number of degrees of 
freedom.
(3) In many practical cases, considering the computing capacities 
available, the analysis of very dense structures are impossible. In
such cases, the use of the renection method may lead to a structure for 
which the analysis becomes feasible.
(4) The use of the method reduces the cost for analysis, preprocessing
and postprocessing.
(5) The concept of renectional design permits a dense structure to be
designed directly through the results of analysis for its renecture.
As, these structures normally involve a large amount of output, this
would result in a considerable saving of time and cost.
The method, in general, proved to be applicable for engineering 
purposes and its results may be considered to be satisfactory for design
uses. In applying this method, the use of the renectional design concept 
is highly recommended. In addition, particular attention should be 
concentrated on local effects due to the sharp variations in distribution 
of forces or stresses.
Density of the structure has a significant effects on the accuracy 
of the method. The higher the density, the more precise the results will 
be. The minimum level of density required in the renection method for 
the results being satisfactory depends on the nature of the grid under 
consideration. However, the densities used in worked examples in this
research can provide suitable guidelines for this purpose.
Now, to answer the question of suggestions for the future work, one 
can extend the renection method in many directions. The work presented 
in this thesis provides a suitable basis for further investigation
concerning the application of the renection method in connection with 
other space structures and involving other types of irregularities of
interconnection pattern, load and support conditions. There exist a 
number of other interconnection patterns for which the method is needed 
to be checked.
The effects of the use of different member cross-sections as well 
as the effects of the change of position of a support on the accuracy of 
the method have been studied to some extent. However, these areas need 
to be investigated further.
Also, the effects of the slab in composite double layer grids in 
the renection method has been taken into account by using an approximate 
approach. This problem can be tackled using a more accurate technique, 
based on developing a new stiffness matrix for slab elements which takes 
account of the dilation factor.
I t  is expected that the fundamentals of the method are also valid 
for dynamic response calculation and non-linear analysis of spaceframes. 
I t  would be of interest to engineers to extend this work to include a 
detailed study relating to these aspects.
APPENDIX 1
GENERAL STIFFNESS MATRICES FOR SPACEFRAME MEMBERS
NOTATION
A = Cross-sectional area
E = Modulus of elasticity
FI = Shear coefficient in y-direction
F2 = Shear coefficient in z-direction
Iy = Second moment of area with respect to y-axis
Iz = Second moment of area with respect to z-axis
J = Torsional constant
ot = Angle between the local xz-and global x'z'-planes
p = Poison's ratio
X I,2 = Coordinates at ends i and j  of the member in x-direction
Yl,2 = Coordinates at ends i and j  of the member in y-direction 
Zl,2 = Coordinates at ends i and j  of the member in z-direction 
XX = X2-X1
YY = Y2-Y1
ZZ = Z2-Z1
L = \/xX*XX+YY*YY+ZZ*ZZ
Cl = XX/L
C2 = YY/L
C3 = ZZ/L
C12 = C1*C2
C13 = C1*C3
C23 = C2*C3
C ll = C1*C1
C22 = C2*C2
C33 = C3*C3
C123 = C1*C2*C3
GJ = E * J / ( 2 * ( 1  +  p ) )
RL = 1/L
GOL = Gd*RL
EIZ = E*IZ 
EIY = E*IY
EA = E*A
EAL = EA*RL
EIYL4 = 4*EIY*RL 
EIZL4 = 4*EIZ*RL 
EIYL6 = 6*EIY*RL*RL 
EIZL6 = 6*EIZ*RL*RL 
EIYL12= 2*EIYL6*RL 
EIZL12= 2*EIZL6*RL
RSLA = VC11+C22
SLA = 1/RSLA
DLA = SLA*SLA
RGA = 2*(1 + fi)/EA
AKO = 6*F1*E IZ*RL* RL* R G A
AKIO = 6*F2*EIY*RL*RL*RGA
AK1 = 1/(1 + 2*AKO)
AK11 = 1/(1 + 2*AK10)
AK2 = (1 + 0.5*AK0)*AK1
AK12 = (1 + 0.5*AK10)*AK11
AK3 = (1 -  AKO)*AKl
AK13 = (1 - AK10)*AK11
CA = coscx
SA = since
1. STIFFNESS MATRIX WITH RESPECT TO THE LOCAL COORDINATE SYSTEM
where,
K ll
K12
K22
and
K21
Km =
K ll , K12
K21 I K22
EA/L O O O O O
12EIz/L3 0 0 0 6EIz/L2
12EIy/L3 0 -6EIy/L2 0
JG/L 0 0
Symmetric 4EIy/L 0
4EIz/L .
-EA/L O O O O O
-12EIz/L3 0 0 0 6EIz/L2
-12EIy/L3 0 -6EIy/L2 0
-JG/L 0 0
Symmetric 2EIy/L 0
2EIz/L J
EA/L 0 0 0 0 0
12EIz/L3 0 0 0 -6EIz/L2
12EIy/L3 0 +6EIy/L2 0
JG/L 0 0
Symmetric 4EIy/L 0
4EIz/L _
t
K12
2. STIFFNESS MATRICES WITH RESPECT TO THE GLOBAL COORDINATE SYSTEM
The coefficients of upper triangular 
numbered as follows:
3 4 5 6 7
14 15 16 17 18
24 25 26 27 28
34 35 36 37
43 44 45
51 52
58
Symmetric
part of the stiffness matrix are
8 9 10 11 12
19 20 21 22 23
29 30 31 32 33
38 39 40 41 42
46 47 48 49 50
53 54 55 56 57
59 60 61 62 63
64 65 66 67 68
69 70 71 72
73 74 75
76 77
78 j
These coefficients for two types of spaceframe members are given as 
follows:
(a) NON-VERTICAL MEMBERS
(members whose longitudinal axes are not coincident with z‘ global axis)
Cof(l) = C11*EAL+(C2*CA+C13*SA)**2*DLA*EIZL12*'AK1+
(C2*SA-C13*CA)**2*DLA*EIYL12*AK11 
Cof(2) = C12*EAL-(C2*CA+C13*SA)*(C1*CA-C23*SA)*DLA*EIZL12*AK1-
(C2*SA-C13*CA)*(C1*SA+C23*CA)*DLA*EIYL12*AK11 
Cof(3) = C13*EAL-(C2*CA+C13*SA)*SA*EIZL12*AK1
+(C2*SA-C13*CA)*CA*EIYL12*AK11 
Cof(4) = (C2*CA+C13*SA)*(C2*SA-C13*CA)*DLA*(EIYL6*AK11-EIZL6*AK1)
Cof(5) = (-C2*SA+C13*CA)*(C1*CA-C23*SA)*DLA*EIYL6*AK11+
(C2*CA+C13*SA)*(C1*SA+C23*CA)*DLA*EIZL6*AK1 
Cof(6) = -(C2*SA-C13*CA)*SA*EIYL6*AK11-(C2*CA+C13*SA)*CA*EIZL6*AK1 
Cof(7) = -Coftl)
Cof(8) = -Cof(2)
Cof(9) = -Cof(3)
Cof(10)= Cof(4)
Cof(ll)= Cof(5)
Cof(12)= Cof(6)
Cof(13)= C22*EAL+(C1*CA-C23*SA)**2*DLA*EIZL12*AK1+
(C1*SA+C23*CA)**2*DLA*EIYL12*AK11 
Cof(14)= C23*EAL+(Cl*CA-C23*SA))cSA*EIZL12*AKl-
(C1*SA+C23*CA)*CA*EIYL12*AK11 
Cof(15)= -(C2*CA+C13*SAWC1*SA+C23*CA)*DLA*EIYL6*AK11+
(C1*CA-C23*SA)*(C2*SA-C13*CA)*DLA*EIZL6*AK1 
Cof(16)= (C1*CA-C23*SAMC1*SA+C23*CA)*DLA*(-EIZL6*AK1+EIYL6*AK11) 
Cof(17)= (C1*SA+C23*CA)*SA*EIYL6*AK11+(C1*CA-C23*SA)*CA*EIZL6*AK1 
C oft 18)= -Cof(2)
Cof(19)= -Cof(13)
C oft 20)= -Cof(14)
Cof(21)= C oft 15)
Cof(22)= C oft 16)
Cof(23)= Cof(17)
Cof(24)= C33*EAL+(SA*RSLA)**2*EIZL12ftAKl+(CA*RSLA)**2*EIYL12*AKll 
Cof(25)= (C2*CA+C13*SA)*CA*EIYL6*AK11+(C2*SA-C13*CA)*SA*EIZL6*AK1 
Cof(26)= -(C1*CA-C23*SA)*CA*EIYL6*AK11-(C1*SA+C23*CA)*SA*EIZL6*AK1 
Cof(27)= -CA*SA*(EIYL6*AK11-EIZL6*AK1)
Cof(28)= -Cof(3)
Cof(29)= -Cof(14)
Cof(30)= -Cof(24)
Cof(31)= Cof(25)
Cof(32)= Cof(26)
Cof(33)= Cof(27)
Cof(34)= C11*GJL+(C2*CA+C13*SA)**2*DLA*EIYL4*AK12+
(C2*SA-C13*CA)**2*DLA*EIZL4*AK2 
Cof(35)= C12*GJL-(C2*CA+C13*SA)*(C1*CA-C23*SA)*DLA*EIYL4*AK12-
(C2*SA-C13*CA)*(C1*SA+C23*CA)*DLA*EEL4*AK2 
C oft 36)= C13*GJL-(C2*CA+C13*SA)*SA*EIYL4*AK12
+(C2*SA-C13*CA)*CA*E1ZL4*AK2
Cof(37)= -Cof(4)
Cof(38)= -Coftl 5)
Cof(39)= -Cof(25)
Cof(40)= -C11*GJL+(C2*CA+C13*SA)**2*DLA*0.5*EIYL4*AK13+
(C2*SA-C13*CA)**2*DLA*0.5*EIZL4*AK3 
Cof(41)= -C12*GJL-(C2*CA+C13*SA)*(C1*CA-C23*SA)*DLA*0.5*EIYL4*AK13-
(C2*SA-C13*CA)*(C1*SA+C23*CA)*DLA*0.5*EIZL4*AK3 
Cof(42)= -C13*GJL-(C2*CA+C13*SA)*SA*0.5*EIYL4*AK13
+(C2*SA-C13*CA)*CA*0.5*EEL4*AK3 
Cof(43)= C22*GJL+(C1*CA-C23*SA)**2*DLA*EIYL4*AK12+
(C1*SA+C23*CA)**2*DLA*EIZL4*AK2 
Cof(44)= C23*GJL+(C1*CA-C23*SA)*SA*EIYL4*AK12-
(C1*SA+C23*CA)*CA*EEL4*AK2
Cof(45)= -Cof(5)
Cof(46)= -Cof(16)
Cof(47)= -C of(26)
Cof(48)= Cof(41)
Cof(49)= -C22*GJL+(C1*CA-C23*SA)**2*DLA*0.5*EIYL4*AK13+
(C1*SA+C23*CA)**2*DLA*0.5*EEL4*AK3 
C oft 50)= -C23*GJL+(C1*CA-C23*SA)*SA*0.5*EIYL4*AK13-
(C1*SA+C23*CA)*CA*0.5*EEL4*AK3 
Cof(51)= C33*GJL+(SA*RSLA)**2*EIYL4*AK12+(CA*RSLA)**2*EIZL4*AK2 
Cof(52)= -Cof(6)
Coft 53)= -Cof( 17)
Cof(54)= -Cof(27)
Coft 55)= Cof(42)
Cof(56)= Cof(50)
Coft 5 7)= -C33*GJL+(SA*RSLA)**2*0.5*EIYL4*AK13
+(CA*RSLA)**2*0.5*EEL4*AK3
Coft 58)= Coftl)
Cof(59)= Cof(2)
Cof(60)= Coft 3)
Cof(61)= -Cof(4)
Cof(62)= -Coft 5)
Cof(63)= -Cof(6) 
Coft 64)= Cof(13) 
Cof(65)= Coft 14) 
Cof(66)= -Cof(15) 
Cof(67)= -Coft 16) 
Coft68)= -Coft 17) 
Coft 6 9)= Cof(24) 
Cof(70)= -Cof(25) 
Cof(71)= -Cof(26) 
Cof(72)= -Cof(27) 
Cof(73)= Cof(34) 
Cof(74)= Cof(35) 
Cof(75)= Cof(36) 
Cof(76)= Cof(43) 
Cof(77)= Cof(44) 
Cof(78)= Cof(51)
(b) VERTICAL MEMBERS
(members whose longitud inal axes are co incident w ith z' global axis)
The coe ffic ien ts  th a t are not appeared be l ow are equal to  zero.
Coftl) = C33*(SA)**2*EEL12*AK1+C33*(CA)**2*EIYL12*AK11 
Cof(2) = C3*SA*CA*(-EEL12*AK1+EIYL12*AK11)
Cof(4) = -C33*CA*SA*(EIYL6*AK11-EEL6*AK1)
Cof(5) = C 3*( C A)**2*EI YL6* A K11+C 3*( S A)**2*EIZL6* A K1 
Cof(7) = -Coftl)
Cof(8) = -Cof(2)
Cof(10)= Cof(4)
Cof(ll)= C oft 5)
Coft 13)= (CA)**2*EEL12*AK1+(SA)**2*EIYL12*AK11 
Cof(15)= -C3*(SA)**2*EIYL6*AK11-C3*(CA)**2*EIZL6*AK1 
Coft 16)= SA*CA*(EIYL6*AK11-EEL6*AK1)
Coft18)= -Cof(2)
Cof(19)= -Cof(13)
Cof(21)= Coft 15)
Cof(22)= Coft 16)
Coft 24)= C33*EAL 
Cof(30)= -Cof(24)
Cof(34)= C33*SA**2*EIYL4*AK12+C33*CA**2*EEL4*AK2 
Cof(35)= -C 3* C A*S A*(EI YL4* A K12-EIZL4* A K2)
Coft 3 7)= -Cof(4)
Coft 38)= -Cof(15)
Cof(40)= C33*SA**2*0.5*EIYL4*AK13+C33*CA**2*0.5*EEL4*AK3 
Cof(41)= -C 3* C A*S A*0.5*(EI YL4*A K13-EIZL4*A K 3)
Cof(43)= CA**2*EIYL4*AK12+SA**2*EEL4*AK2 
Cof(45)= -Cof(5)
Cof(46)= -Cof(16)
Cof(49)= CA**2*.5*EIYL4*AK13+SA**2*.5*EEL4*AK3 
Coft 51)= C33*GJL 
Cof(57)= -Cof(51)
Coft 58)= Coftl)
Cof(59)= Cof(2)
Coft 61)= -Cof(4)
Cof(62)= -Cof(5)
Cof(64)= Coft 13)
Cof(66)= -Cof(15)
Cof(67)= -Cof(16)
Cof(69)= Cof(24)
Coft 73)= Cof(34)
Coft 74)= Cof(35)
Cof(76)= Cof(43)
Coft 78)= Cof(51)
APPENDIX 2
PLATE ELEMENT STIFFNESS MATRICES
NOTATION
E = Modulus of elasticity of the plate
p = Poison's ratio of the plate
t  = Plate thickness
Xl-4 = Coordinates at corners 1, 2, 3 and 4 of the plate element in
x-direction
Y1-4 = Coordinates at corners 1, 2, 3 and 4 of the plate element in 
y-direction 
AA = X4-X1
A2 = AA*AA
BB = Y2-Y1
B2 = BB*BB
AB = AA*BB
P = BB/AA
P2 = P*P
Q = AA/BB
02 = Q*Q
D = E*t/(12*(1 -  p*p))
F = E*t*t*t/(AB*(12*(1 -  p*p)))
D1 = E/(l -  p*p)
FI = E*t*t*t/(12*(1 -  p*p))
PR = p
(a) STIFFNESS MATRIX FOR IN-PLANE ACTION
The coe ffic ien ts  o f upper triangu la r p a rt o f  the s tiffness m a tr ix  are 
numbered as fo llows:
Km =
2 3 4 5 6 7 8
9 10 11 12 13 14 15
16 17 18 19 20 21
22 23 24 25 26
27 28 29 30
Symmetric 31 32 33
34 35
36 j
These coefficients are given as follows:
Cof(l) = (4.*P+2.*(1.-PR)*Q)*D 
Cof(2) = D*3.*(l.+PR)/2.
Cof(3) = (2.*P-2.*(1.-PR)*Q)*D 
Cof(4) = D*3.*(l.-3.*PR)/2.
Cof(5) = -(2.*P+(1.-PR)*Q)*D 
Cof(6) = -Coff 2)
Cof(7) = t-4.*P+(l.-PR)*Q)*D 
Cof(8) = -Cof(8)
Cof(9) = (4*Q+2.*(1.-PR)*P)*D 
Coft 10)= Cof(20)
Cof(ll)= t-4.*Q+(l.-PR)*P)*D 
Cof(12)= -Cof(2)
Coft 13)= -.5*Cof(9)
Coft 14)= CofT4)
Coft 15)= (2.*Q-2.*(1.-PR)*P)*D 
Coft 16)= Coftl)
Coftl 7)= -Cof(2)
Coft 18)= Coft 7)
Cof(19)= Cof(4)
C off 20)= Cof(5) 
Cof(21)= Cof(2) 
Cof(22)= Cof(9) 
Cof(23)= Cof(8) 
Cof(24)= Coft 15) 
Cof(25)= Cof(2) 
Coft 26)= Cof(13) 
Cof(27)= Coftl) 
Cof(28)= Coft 2) 
Cof(29)= Cof(3) 
Cof(30)= Cof(4) 
Cof(31)= Coft 9) 
Coft 32)= CoftlO) 
Cof(34)= Coftl)) 
Cof(35)= -Cof(2) 
Cof(36)= Cof(9)
(b) CONFORMABLE STIFFNESS MATRIX FOR BENDING ACTION
The c o e ff ic ie n ts  o f upper triangu la r p a rt o f the stiffness m atrix are 
numbered as fo llows:
2 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31 32 33
34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50
51 52 53 54 55 56 57
58 59 60 61 62 63
64 65 66 67 68
Symmetric 69 70
73
71
74
72
75
76 77 
78 j
These coe ffic ie n ts  are given as fo llows:
Cof(l) = F*((156./35.)*(P2+Q2)+72./25.)
Cof(2) = C(22./35.)*P2+(78./35.)*Q2+(6./25.)*(l.+5.*PR))*F*BB
Cof(3) = -t(78./35.)*P2+(22./35.)*Q2+(6./25.)*(l.+5.*PR))*AA*F
Cof(4) = ((54./35.)*P2-(156./35.)*Q2-72./25.)*F
Cof(5) = t(-13./35.)*P2+(78./35.)*Q2+6./25.)*BB*F
Cof(6) = t(-27./35.)*P2+(22./35.)*Q2+(6./25.)*(l.+5.*PR))*AA*F
Cof(7) = t(-54./35.)*(P2+Q2)+72./25.)*F
Cof(8) = ((13./35.)*P2+(27./35.)*02-6./25.)*BB*F
Cof(9) = ((-27./35.)*P2-(13./35.)*Q2+6./25.)*AA*F
Cof(10)= (-(156./35.)*P2+(54./35.)*Q2-72./25.)*F
Cof(ll)= (-(22./35.)*P2+(27./35.)*02-(6./25.)*(l.+5.*PR))*BB*F
Cof(12)= (-(78./35.)*P2+(13./35.)*Q2-6./25.)*AA*F
Cof(13)= ((4./35.)*P2+(52./35.)*Q2+8./25.)*B2*F
Coft 14)= -t(ll./35.)*(P2+Q2)+(l.+60.*PR)/50.)*F*AA*BB
Coft 15)= -Cof(5)
Cof(16)= t-(3./35.)*P2+(26./35.)*Q2-2./25.)*B2*F
Coft 17)= t-(13./70.)*P2+(ll./35.)*Q2+(l.+5*PR)/50.)*AA*BB*F
Cof(18)= -Cof(8)
Cof(19)= t(3./35.)*P2+(9./35.)*Q2+2./25.)*B2*F 
Coft 20)= t-(13./70.)*(P2+Q2)+l./50.)*AA*BB*F 
Cof(21)= Coftll)
Cof(22)= t-(4./35.)*P2+(18./35.)*Q2-8./25.)*B2*F 
Cof(23)= t-(ll./35.)*P2+(13./70.)*Q2-(l.+5.*PR)/50.)*AA*BB*F 
Coft 24)= t(52./35.)*P2+(4./35.)*Q2+8./25.)*A2*F 
Cof(25)= Cof(6)
Cof(26)= -Cof(17)
Cof(27)= t(18./35.)*P2-(4./35.)*02-8./25.)*A2*F 
Cof(28)= -Coft 9)
Cof(29)= Cof(20)
Cof(30)= t(9./35.)*P2+(3./35.)*Q2+2./25.)*A2*F 
Cof(31)= -Cof(12)
Cof(32)= -Cof(23)
Cof(33)= t(26./35.)*P2-(3./35.)*Q2-2./25.)*A2*F 
Coft 34)= Coftl)
Cof(35)= -Cof(2) 
Cof(36)= Cof(3) 
Cof(37)= CoftlO) 
Cof(38)= -Cof(21) 
Coft 3 9)= -Cof(31) 
Coft40)= Cof(7) 
Cof(41)= Cof(18) 
Coft42)= -Coft 28) 
Cof(43)= Coft 13) 
Coft 44)= -Cof(14) 
Cof(45)= -Coftll) 
Cof(46)= Cof(22) 
Cof(47)= Cof(32) 
Cof(48)= Cof(8) 
Cof(49)= Cof(19) 
Coft 50)= -Coft 20) 
Cof(51)= Coft 2 4) 
Cof(52)= -Cof(12) 
Cof( 53)= Cof(23) 
Coft 54)= Cof(33) 
Cof(55)= -Coft 9) 
Cof(56)= -Coft20) 
Cof(57)= Cof(30) 
Coft 58)= Coftl) 
Cof(59)= -Cof(2)
C off 60)= -Cof(3) 
Cof(61)= Cof(4) 
Cof(62)= -Cof(5) 
Coft63)= -Cof(6) 
Coft 64)= Cof(13) 
Cof(65)= Coft 14) 
Cof(66)= -Cof(15) 
Cof(67)= Coft 16) 
Coft68)= Cof(17) 
Cof(69)= Cof(24) 
Cof(70)= -Cof(25) 
Cof(71)= Cof(26)
Cof(72)= Coft 2 7) 
Cof(73)= Cof(34) 
Cof(74)= -Cof(35) 
Cof(75)= -Coft36) 
Cof(76)= Cof(43) 
Cof(77)= Cof(44) 
Cof(78)= Cof(51)
APPENDIX 3
Graphical outputs for cases 4, 15 and 5c.
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INTERCONNECTION PATTERN OF GRID Case 4
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66 165 265 336 366 350 232 201 112 26 112 201 292 358 366 336 265 156 66
£ P if * p r> £ S 5 £ R P 2 i f " P
3fi 103 105 268 311 336 335 317 295 262 295 317 335 338 311 260 IBS 103 33
M. CD Ci -
,r‘ r> po *** n •*- CO CO CO ep •* r> Co C< Co R — c*
23 81 169 212 311 369 186 123 111 132 111 129 106 369 311 212 150 81 29
R f* n r» - in s CO CO if? P pi F> c* P - s
32 95 i8e 273 360 133 191 531 559 561 559 531 191 133 360 273 186 95 32
O _ -
-" ■*- IT) ca c- CD CO C- to o — r> r> n «- in
16 135 213 313 112 521 585 632 660 665 660 632 585 52l 113 31S 213 135 15
R R LP c~- 3 i P 3 R R P P r>
81 216 350 161 555 528 506 728 733 759 753 728 686 628 555 161 350 216 81
5 r» S! R S P £ 5 F, CO t- £ «o £ S ® ® \r>
171 372 521 623 696 752 796 828 816 851 816 828 796 752 636 623 521 372 171
2 £ Sj | R s s £ 2 R § £ =: P g = S
519 763 839 861 877 889 901 918 926 927 925 910 901 889 877 861 839 763 519
P a g n s E 8 5 g g £ K 3 S g S CO g 1
519 763 839 861 877 889 901 918 926 927 926 918 381 899 877 861 839 7S3 519
7 2 a 5 in & P £  1 K £ CO P 3 if? P R if
171 372 321 623 696 732 796 828 816 851 816 828 796 752 636 623 521 372 171
a r» 5? 5 £ P s 55 £ £ 5 s «o £ n P P in
81 216 330 161 535 628 606 728 733 739 733 728 686 626 555 161 330 216 61
c« c- R S2 £ S P s? 5 P 3 R 5 R P P r*
16 135 213 319 113 521 585 632 660 665 660 S32 585 521 112 319 213 135 16
- R R o K £ CO $ P S IO R R S §
32 95 180 273 360 133 191 331 K9 361 559 531 191 133 3sa 273 180 9S 32
o n r» o if) CO £ £ 3 if? P r» p R s 3
23 81 160 212 311 369 106 129 m 132 W 129 106 369 311 212 160 8-1 23
£ P -
<-* O' c« r-> CO co co ca *• o co Co CO R S C-
38 183 185 260 311 338 335 3I7 295 262 235 317 333 338 311 260 185 183 38
a co s R £ £ K 3 CO 2 i f 2 P C
66 1SE 26 5 335 366 330 232 201 112 26 112 201 292 353 £ 6 336 265 166 66
£ i f 3 S £ 5 P R r— j P S So 5 £ s 2 if R 3
in 381 120 177 175 113 290 106 -118 -325 -118 106 290 113 175 177 120 331 111
- £ 3 5 R i f £ — o £ — CD i f <rt P s £ T. 5
189 6I5 700 707 653 535 311 51 383 -233 -383 SI 311 533 653 707 780 615 109
AXIAL FORCE COEFFICIENTS 
FACTOR = .30217E 0 KN 
BOTTOH LAYER OF GRID Case 1
AXIAL FORCE COEFFICIENTS
FACTOR = .39250E 0 KN
WEB nEHBERS OF GRID Case 1
• -85 *-158 *  -288 *-231 •  -228 *-283 *-181 -  -118 • -118 *-151 •  -283 *-228  *-231 *  -288 *-158 *-85
*-158 *  223 •  -279 *-319  ■-311 *-311 *-331 •  - 320 •  -320 *-331 « -311 *-311 »-319 *-279  • '2 2 3  *-158
•-288 *-279  *-317 *  -186 9-151 •  -180 9-196 9-501 #-581 #-196 •  -188 #-151 #-105 #-317 *-279 *-286
•  -231 #-313 •  -188 #-185 I I - S 3  * - 8 8 5  *-5 1 0  «--6S7 # -8 3 7  #-618 #-885 # - S 3  #-185 #-185 *-319 *-231
•-228 * -3 1 ! #-131 #-533 * -6 1 2  #-712 #~7S1 # -7B6 #-786 #-761 #-712  »-S12 *-5 5 3  #-131 *-311 *-228
• 2 1 3  *-311 # 1 8 8  #-885 #-712 #-797 # -9 5 8  # -985  #~BSf # 8 5 8  #-797 #-712 $-805 #-188 *-311 >-283
• -1S1 *-331 #  -136 #-510 #-761 # -856  # -9 2 3  # -9 5 3  # 9 5 3  # -9 2 8  # -8 5 6  #-761 ® -S «  #-196 *-331 • -161
•  -118 *-320  # -5 0 1  #-857 # -7 8 6  # -986  # 5 5 3  # -9 0 7  # -5 8 7  # 3 5 3  #-8SS # -786  #-557 # -5 81  *-328 *-118
•-111 *-328  #-501 #-657 #-786 # -886  # 9 5 3  # -9 6 7  # -3 3 7  # 3 5 3  # -8 3 6  # -786  #-657 #-581 *-328 . - 1 1 8
•-161 *-331 #-196 #-618 #-761 # -8 5 6  # 9 2 8  # 9 5 3  # 9 5 2  # - iK S  #  -856 #-761 #-618 9 -iS6 *-331  *  -161
•  -203 •  -311 #-188 #-685 #-712 # -797  #-836  #-836  #~8gS # -8 3 6  #-797 # -712  #-605 #-188 *-311 •-203
•  -228 *-311 #-151 #-553 #-612 #-712 #-761 #-786 #-786 #-761 # -7 1 2  •  -612 » - S 3  •  —151 *-311 *-228
•  -231 *-313  9  -106 *-185  #-553 #-685 #-618 #-657 #-657 #-610 #-603 #-533 #-185 * -1 8 6  *-319 •-231
•  -288 •  -279 *-317 9-186 9-151 » -1W  9-186 # -SSI *-501 9-196 9-188 9-151 9-18S *-3 1 7  •-279  .-288
•  -158 •  -223 *-279 *-319  *-311 • -3t1 *-331 9-320 *-328 *-331  *-3 1 1  *-311 *-3 1 9  *-278  •-223 • -150
•-6 5  •  -158 •-288 *-231 *-228 •-203 • -161 • -118 .-118  .-161  .-283  •-2 28  •-231 .-2 8 8  .-158  .-8 5
DEFLECTION COEFFICIENTS 
FACTOR = . 8509E -1 mm
BOTTOn JOINTS OF GRID C ase.R .4.1
iw  -137 -233 213 -181________ -53__________ 173_______  573_________ 573 173 -S3 -181 -213 -233 -137
IS
52
-103
5
-191
s
-215
B
-102
2
-82
s
89
s
310
S
310
•o
69
s
-82
1n
-182
a
-216
2
-191
a
-IBS
a
15
ts
s
-11
T
- l i t
c
-168
=
-161
K
-117
3
-11
5?
21
S
21 -11
?
-117
fc
-161
=
-160
7
-111
r
-11
s
15
13
7
-13
7
-71
7
-129
?
-165
2
-177
?
-171
P
"171
s
-175
p
-171
S
-177
7
-165
?
-129
7
-71
=
-13
7
15
15
g
-11
s
-70
5
-139
5
-199
?
-215
8
-200
5
•383
5
-385
5
-280
8
-215
s
-139
3
-139
£
-70
3
-11
I
15
15
s
-27
7
-101
7
-180
?
-250
8
-307
5
-352
s
-382
K
-382
3
-3S2
?
-387
8
-250
?
-100
7
-101
5
-27
g
15
15
?
-50 -132
E
-223
?
-291
?
-312
?
-382
PS
- m
g
-108
3
-382
7
-312
?
-291
g
-229 -152
£
-60
s
15
13
2
-90
f
-173
£
-231
§
-285
S
-330
s
-367
S
-381 -331
?
-367
?
-330
S
-285
?
-231
£
-173
=
-30
3
15
339
2
332
5
25
5
-131 226
?
-292
f
-310
s
-367
R
-367
?
-310
i
-232
s
-226
?
—131
£
25
*
332
2 s
1030
15
•
-98 -173
£
-231
3
-205
7
-330
§
-367
s
-391
g
-391
s
-367
3
-330
s
-285
7
-231
£
-T73
—
-30
2 s
15
15
2
-50
7
-152 -229 -291
?
-312
?
-382
§
-+0B
S 7
-382
7
-312
7
-291
8
'-223 -152
7
-68
3
15
IS
?
-27 -101
*
-188
g
-250
?
-307
7
-352
?
-382
g
-302
?
-352
7
-387
§
-256
2
-180
g
-1-01
£ S
-27 15
15
S
-11
T
-70
2
-139
?
-199
8
-215
5
•208
s
-305
s
-305
7
-288
?
-215
8
-139
3
-133
£
-70
7
-11
T
15
15
g
-13
?
-71
£
-129
5
-165
8
-177
s
-171
5
-175
5
-175
s
-171
g
-177
s
-165
3
-129
?
-71
1
-13
ss
15
15
?
- t l
r
- l i t
P
-160 -161
T
-117
7
-11
R
21
s
21
s
-11
7
-117
5
-161
7
-160
?
-111
r
-71
T
a
15
15
s
-109
7
-131
?
-216
7
-182
7
-82
?
69
?
310
S
310
a
BS
8
-82
fc
-182
=
-216
?
-191
f
-103
?
15
103 137
2
-233
5
-213
S
-181
2
-S3
s
175
2
573
8
373 175
2
-53
2
-181
2
-213
*2
-233
a
-137
a 3
103
AXIAL FORCE COEFFICIENTS
FACTOR = .18177E 0 KN
TOP LAYER OF GRID C a se .R .4.1
« 7 __________ 601 711 688 ^  527 232 -2M  -317 -2 fs  232 527 688 711 681 167
3 s . . £ g I ft g ft 3 • 3 8
166 319 162 186 116 251 25 -217 23 251 116 186 162 319 166
2 5 s £ ft £ V. 5 s
88 199 312 388 387 311 269 102 269 311 387 300 312 IBS 80
s S f t S s i 1 § 1 s § ft g 3 g
51 156 261 363 128 168 167 m 167 160 128 363 261 150 51
r> ft ft ft £ ft f t S
66 178 302 121 521 590 530 631 623 590 521 121 302 170 58
s s g Sj I 3 f t 8 8 i g f t s> s O-J
37 2S5 113 516 613 725 769 770 769 725 619 516 113 255 97
_ C9 f t g f t-O r" as O) | arj as cs *** c-
282 131 686 717 801 861 895 301 895 861 881 717 600 131 202
tr> 8 er> a | f t f t 2 &
2
r* ** c- r». N
598 020 999 933 958 j 901 996 1 399 996 901 958 933 899 020 5S
g r -
- - 5 3 5? f t f t 3 T- * (T>
598 020 899 333 956 381 996 399 996 301 958 333 839 820 595
3 C * 2 f t f t f t in 2 8
04 us r" as c r - 7
282 131 600 717 881 861 895 901 8© 861 801 717 600 131 202
f t 9 £ f t f t f t r- f t ¥ ft f t f t
97 235 113 516 619 725 769 778 759 725 619 516 113 255 97
s s i S? g I ft S 5 <*> B ft g t B
66 170 382 121 52) 5S0 630 631 538 530 521 121 302 178 60
g ,<r> n irt OS " r ' in r> ""
51 158 261 363 128 160 167 H t 167 160 128 363 261 158 51
S S f t §us so rr, **
08 139 312 380 387 311 263 182 269 311 367 380 312 195 80
r> - " “ f t S ft - - s
IBS 319 162 186 116 231 25 -217 25 S 1 116 186 162 313 166
w
ft ft S ft £m us <r> 10 in as as m
167 681 711 680 527 232 271 -917 -2r» 232 527 688 711 681 167
AXIAL FORCE COEFFICIENTS
FACTOR = .32923E 0 KN
BOTTOn LAYER OF GRID Case R .4 .1
AXIAL FORCE COEFFICIENTS
FACTOR = .42376E 0 KN
WEB nEHBERS OF GRID C ase .R .4 . I
•  -11* •  -195 •  -245 *  -215 •  -207 *  -152
•  -199 •  -296 •  -358 •  - « *  •  -112 •  -107
• -215 *-356 *-1 6 2  #-513 #-609 #-626
• -215 #-100 #-515 «-SS6 # -7 3 3  #-798
■ -207 » -113 #"EB8 #-752 #--961 #-S17
• -152 #-107 #-626 #-73B # 9 1 7  # -3 7 9
•  -1S2 #-107 #-C2E # - 7*  # -3 1 7  #-376
•  -207 #-413 * -636 #-753 #-681 #-917
• -213 tt -106 #-515 «-6SS #-733 #-738
•  -215 • -3S8 #-162 #-313 #-809 #-828
•  -133 *  -286 •  -358 •  -108 •  -113 •  -107
•  -118 •  -133 •  -215 •  -215 •  -207 •  -152
.-1 5 2  •  -207 •  -215 •-215 .-109  .-110
•  -107 •  -113 •  -1 «  •  -358 •  -286 •  -193
#-626 #-609 #  -515 #-162 a -358 •-213
#-798 # -7 5 3  #-686 #-513 # -S 3  •-245
# -3 1 7  #-861 #-753  #-688 #-113 *-207
#-9 7 8  # -9 1 7  # -7 9 8  #-626  #-107 .  -152
# -9 7 8  # -8 1 7  # -7 9 8  #-£26 #-107 .  -152
#-317  #-861 # -7 5 3  #-600 #-113 .-207
#-73B # -7 5 3  #-666 #-513 *-100 •  -213
#-626 #-608 #-515 #-162 *-358 *-245
#-107 #-113 #-100 # 3 5 0  *-286  .-199
.-1 5 2  .-2 0 7  •  -215 •  -215 .-199  .-110
DEFLECTION COEFFICIENTS
FACTOR = .1037E 0 mm
BOTTOn JOINTS OF GRID C a se .R .4 .2
-?
«5
-231 -285 -IBS 75 587 587 -285 -231
587 587 -164,___________—Z&5  -231
AXIAL FORCE COEFFICIENTS
FACTOR = .50150E 0 KN
TOP LAYER OF GRID C a se .R .4 .2
______  -IS ~ l*P -19 13J b/» /tw a i i
X a ; a> r-
“
186 378 159 399 216 -26 216 393 159 37* IB
£ § 3 s £ § S S g £ g
101 262 397 159 151 395 151 159 397 262 181
5 8 5 5 £ S § £ 3 2 s
117 381 171 598 861 888 GS1 533 171 301 117
2 5 g g X g g 2 3 g s
221 173 856 779 8tfl 365 816 778 696 173 221
** «* * £ • S 52 7
613 823 913 981 992 832 392 961 013 S2S 610
3 3 s i i £ s S CP g
616 829 913 981 992 999 992 361 913 829 610
<4> £t»7 * **” e'* 7
221 173 6S6 77* S18 365 013 778 6S6 173 221
2 5 £ £ Sg i s si s 8 s
117 381 171 598 «1 668 661 596 171 30! 117
r? tfi s *" S s
101 252 397 133 131 335 151 1S 397 262 187
s g • g w g m g g s
181 378 159 399 216 -26 218 399 158 378 IB
£ 2 £ 2 2 5 g £ ,
512 723 578 153 -IS -7 98 -13 153 678 703 512
AXIAL FORCE COEFFICIENTS
FACTOR = .T02T2E 0 KN
BOTTOn LATER OF SRID C a s e .R .1 .2
AXIAL FORCE COEFFICIENTS 
FACTOR = .1821 BE 0 KN 
WEB flEMBERS OF GRID
•87 -373____________________ -150__________ 612 512_________________ -150 -373 -87
118 - m -127
S
113 113 -127 -111
&
118
118 -18 -228 -318 -318
f
-228 iik
-1
11 ?
118
5
118 -15I -381
s
-539 -539 -391
5
-151
?
MB
1888 -19
8
-399
8
-580
8
-588 399 -19 999
118 -151
1
-391
g
-539
g
-539 -381 -151 118
tie
g
-18
5
-228
f
-318 -318
§
-228
8
118
lie -111 - l  27 113 113 -127 -111
8
118
-97 -373
ce
-I50
8
612 612 -158 -373
£
-87
AXIAL FORCE COEFFICIENTS
FACTOR = .15963E 0 KN
TOP LATER OF 6RID C ase .R .1 .3
g ?< § s £ g §
210 150 156 278 156 15B 210
£ to W3
jj 2SB 555 712 729 712 555 2SS
*** S5 **
558 877 975 1880 975 077 550
3 3
£
658 877 975 399 975 877 550
5 S5 o
268 555 712 729 712 555 268
& £ £ £ £
210 158 1SE 278 156 15B 219
g 5 § s {§ g 3
605 633 3I9 -607 319 593 605
AXIAL FORCE COEFFICIENTS
FACTOR = .51989E 0 KN
BOTTOn LATER OF GRID C ase .R .4 .3
AXIAL FORCE COEFFICIENTS 
FACTOR = .60395E 0 KN 
WEB flECIBERS OF GRID
INTERCONNECTION PATTERN OF (TRIO CASE l 5
• 3 3  *  111 * 1 7 7  •  712 •  218 * 1 7 6  •  253 •  MS •  MS •  2SI •  178 •  213 •  2 U  •  17# •  113
•  IIS  •  1(3 •  217 * 2 7 3  •  265 •  311 •  M l  * 3 8 3  •  MS •  317 •  283 •  281 •  2SI •  l#2
•  ” 3 •  IS3 •  2(8 •  321 •  3S7 •  383 •  121 •  1SS •  1S7 •  727 *  385 •  3S3 •  331 •  271 •  137
•  1S7 •  271 •  3S8 •  MS • i l l  •  183 •  S23 •  S3S •  S22 •  18S * 1 1 8  •  113 •  3SS * 2 8 1
•  271 •  261 •  337 *  133 *  187 # 3 3 1  •  S71 •  H 3  9  (85 #  578 •  S37 •  MS •  113 •  3S8 •  271
•  213 •  3tS * 1 1 3  •  511 9 S78 • S I S  •  SS7 •  $71 9 SSI •  625 •  513 •  STS •  1S3 * 3 5 1
•  233 •  3ts  *  127 *  571 •  £85 •  {S3 9 783 9 723 9  731 9 706 •  SS2 •  S87 •  53S * 1 1 3  * 3 3 1
•  2SS •  3SS •  538 •  631 # 8 7 1  9 732 9 772 9 788 9 776 9 7 i l  9 686 •  616 •  STS * 1 1 3
•  185 •  3M  •  176 •  588 9 678 9 753 9 832 9 832 9 831 9  833 9 761 9 681 9 (37 *  136 •  363
• 263 * 126 • SSS 9 (S3 9 751 9 «l 9 862 9 *78 9 367 9 828 9 768 9 (36 • 533 • 113
•  76! * 5 ( 1  *  511 9 611 9 711 9 823 9 873 9 #>• 9 813 9 887 9 836 9 7(2 9 (63 •  538 *  385
•  231 •  1S8 9  (31 9 718 9 813 9 883 9 827 9  81S 9 833 9 831 9 833 9 7H 9  (26 • M S
•  238 *  387 9  551 9  (82 9  733 9 873 9  832 9  8(3 9  86$ 9  811 9 888 9 818 9 737 9  578 •  128
•  333 *  181 9  (31 9 751 9 851 9 822 9  863 9  SSS 9  871 9  835 9 8(8 9 778 9 6(3 •  523
•  273 *  123 9 S7S 9 766 9 ( IS  9 883 9 8SS 9  891 9 831 9  8(8 9 816 9 837 9 731 9 (37 •  1S8
•  318 •  S31 9  (17 9 7(7 9 8(1 9 836 9 882 9 9 S88 9  S13 9 8(3 9 782 9  677 *  534
•  273 *  123 9 S7S 9 766 9 US 9 888 9 838 9 881 9 881 9  8(8 9 816 9 837 9 731 9 637 •  1SS
•  7 m  •  M l 9  (31 9 7S1 9 (S3 9 822 9 368 9 886 9  871 ©  315 9 8(8 9 778 9 6(3 •  523
•  238 *  3(7 9 SSI 9 (82 9  783 9 873 9 832 9  863 9  M  9 811 9 8(8 9 813 9 787 9 S78 * 1 2 8
• n i l  •  158 •  (31 9 718 9 813 9 883 9 827 9 SlS 9  833 9 881 9 838 9 711 ©  (26 ® ICS
•  H I •  361 •  311 9 (11 9 711 9 <73 9 873 9 818 9 813 9 887 9 836 9 7(2 9 (S3 •  334 •  MS
•  75* •  126 9  338 9 (68 9 751 9 818 9 8(2 9 878 9 8(7 9 821 9 761 9 (48 9  388 •  116
•  151 •  313 *  176 9 583 9 (73 9 738 9 8® 9 831 9 831 9 888 9 7(1 9 (S1 9 (37 •  1S6 •  3(3
•  2(6 •  3SS 9 568 9 (81 9 671 9 731 9 772 9 788 9 776 9 718 9 (8 (  9 616 9 525 •  1H
• 2 * 8  •  315 •  127 9  521 9  SSS 9 (S3 9 788 9 723 9 731 9 7 «  9 (62 9 687 9  533 •  113 •  33!
■  218 •  316 •  118 9  311 9  378 9 613 9 657 9 (71 9 681 9 623 9  388 9  323 •  133 *  338
• 1 7 1  • 261 • 3S7 * 1 3 3  • 187 9  S38 9  S71 9 (83 9 685 9  S78 9  S37 9  M (  • 113 • 3(8 • 271
•  187 *  271 •  3S8 •  18S •  111 •  188 9  £28 9  S3S 9  S22 •  MS * 1 1 8  •  113 *  358 *  211
•  113 •  183 *  264 •  321 *  337 *  388 •  121 9  15( 9  1S7 •  127 •  38S •  3(3 •  XII " 2 7 1  * 1 8 7
•  US •  1(3 •  277 •  278 •  28S • i l l  •  M l  •  343 •  M 6 •  317 •  283 •  2(1 •  251 •  132
• 3 3  * 1 1 1  • 1 7 7  •  212 •  218 * 1 7 6  •  2S3 •  38S •  386 •  261 •  178 •  213 •  21S •  I7S •  I IS
• IIS
• 173
•  211
• 213
• 174
•  268
• 386
• 386
•  268
• 176
•  213
•  211
•  173
•  IIS
DEFLECTION COEFFICIENTS
FACTOR = -.7119E -1 mm
BOTTON JOINTS OF GRID CASE 1 5
“351 -331 -Ml -325 -123 -12S -311 -77» -273 -is -13 -172 -215 -U7 -37
AXIAL FORCE COEFFICIENTS
FACTOR = .53S19E 0 KN
TOP LAYER OF GRID CASE I 5
AXIAL FORCE COEFFICIENTS
FACTOR = .11199E 0 KN
BOTTON LATER OF GRIO CASE ]5
-28 ? L - 7 7 " -2 -S 3? 16 -7 2 ? 223 -1 1 ? 106 - 3 f i 1 - 23 ? -280 10£* -70 -7 5 ? IIS -2 8 ? 306 1-362 n r -395 21? -200 i a f -63 IS ? 1 -8 1
•» - i a f -71** - ta * " -10 ? -22“ - n r -63K 1 7 f 1? -3 5 ? i r T -92“ - 18? -S 3 " -1 9 ? -1 5 " -82* 18? -18 ? 20? 114
f t
- 3 1 " -7 6 ? 10C - 57? 13S -21* 10? - a 7
-11 * - i i S -S1S -11
n
- 1 1 *
r»
- IS * -33“
r»
-78 10? 7 ? -89 ^ -7 3 ? 1 ? 1 3 f -7 1 " -2 2 ? -22“ -6 6 ? 13?
s
13? -7 6 ? 7 t~ 12? -5 8 * - 3 ? -17***
r»
- 3 ?
«*
-5 0 -s - I t
s 16? -72 m , 3 -56 - , i c - 5 1 ° 52 ? 1 ? -5 8 " - 6 ? - 2 " -5 8 ? 16? 56 ? - 1 3 " -1 8 ? S3? 21 ? - 5 2 " 5 ? a " - « ? 11? 68? - 3 5 * IS ? -22f t 26* -2 5 ? 33“
r» P
37 -39 -1 -1B 21? 1 * -26** 7 ? -22“ -3 1 ? 21*’ -3 6 ? 28 ? 32 ? 31 ? 31? - 3 3 " 25? - 3 0 " -1 7 ? 17” -2 1 ? 8 ? 32 ? -21 21 ? -2S * 5 3 " -2 5 ? - I t
K
S2? -51 36“ -26* 1 a* - 2 " 7 ? -1 5 * - 8 ? i a * -3 1 ? 28“ - 7 ? IS ? 15? -6 " 38 ? - 3 2 * 12? -5 ~ -11 * I " - 2 ? 3 * 7 ? -IS 18? -32 ? 63“
M l " -S 8 " 56 -3 2 ? - 2 " 2 * 13*
C  
1 • s * 1 ? r -1 7 ? 77S M S ? 37 ? 19 ? 36? M , S 27? -16**
«-»
7* I s 1 ? 2 * 11 * - 2 s -1 8 ? -13* IS -29 ? - I t
S
P ? -5 1 ? -22C
r*
6 ? 18? 8 “ 32 f l? 21S - 7 ? -1 0 ? 38*** s ? 3 , ?
J *23» 1 * 36? - I I 3 3S? -» s 16? -1
r»
22? -8 ? 23*** - I 3 -5 5 ? -1 6 ? I 3 f
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AXIAL FORCE COEFFICIENTS
FACTOR = .71707E 0 KN
WEB flEflBERS OF 6RI0 CASE 1 5
.  52 •  117 •  214 •  233 •  24S •  38S •  312 •  34) . 2 8 6  * 2 1 1  •  223 •  158 .  SI
•  1S4 •  212 •  M S •  328 * 3 6 7  •  121 * 1 2 2  • 1 7 1  * 2 2 1  * 2 1 2  •  21( •  1S2
•  1 «  •  254 * 2 1 2  •  183 * 1 1 1  •  1SS #  $28 •  198 * 1 1 7  * 1 1 2  •  3S2 •  2S7 •  154
•  228 •  2S3 * 1 1 1  •  S87 #  SS8 #  Ml #  682 %  SSI •  S11 •  1S6 * 2 8 $  •  218
•  218 *  237 •  l$s  •  S11 # 6 8 9  #  662 #  668 #  S68 # 6 1 9  #  S57 * 1 7 1  •  252 *  222
•  291 •  127 #  SSI #  612 #  783 #  7S2 #  7SS #  718 #  (SC #  S72 •  1SS •  212
•  222 •  289 # 5 3 6  #  SSI #  727 #  797 # 8 2 1  #  882 #  7S8 #  SSS #  SS7 •  111 •  213
•  214 * 1 6 9  #  621 #  711 #  827 #  867 # 8 7 1  #  822 # 7 6 1  #  SSS # 5 1 1  •  221
•  18) • 1 2 4  #  SS3 #  723 #  828 #  892 # 3 1 3  # 3 8 1  # 8 1 1  #  7S4 #  624 *  118 *  288
•  214 •  S21 #  6S2 # 8 1 1  #  839 # 3 1 6  #  SS8 #  SI2 #  831 # 7 1 3  #  SSS * 2 7 2
•  268 *  163 #  626 #  788 #  88S #  SSS #  373 #  362 #  382 #  106 #  678 •  133 •  38$
•  283 #  SSS #  728 #  8S2 #  333 #  SSS # 3 3 1  #  353 #  671 #  7S8 •  $86 * 1 2 3
•  388 *  1(1 #  656 #  733 #  845 #  873 #  1488 #  883 # 8 2 1  # 8 2 $  #  682 #  523 •  312
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•  263 *  162 #  638 #  788 # C £ S  Q  3S3 #  379 362 #  843 #  886 #  678 •  139 *  28$
•  314 #  S21 #  632 #  8I1 #  833 # 81$ #  854 # 8 1 2  # 8 2 1  # 7 1 8  #  SSS * 2 7 2
•  187 •  124 #  SSS #  728 #  826 #  893 # 3 1 9  # 3 8 1  #  811 #  7S4 #  $24 * 1 1 8  •  286
•  314 •  163 # 6 2 1  # 7 1 1  #  622 #  867 # 8 7 1  #  823 # 7 6 1  #  656 •  SI1 •  231
•  223 *  383 #  536 # 6 5 1  #  737 #  737 # 8 2 1  #  883 #  7S8 #  663 #  SS7 • 1 1 1  * 2 1 2
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• 5 2  > 1 1 7  • 2 1 6  •  233 *  245 •  385 •  312 •  347 *  288 •  211 •  223 •  IS8 > 5 1
DEFLECTION COEFFICIENTS
FACTOR = -.8951E -1 mm
BOTTOn JOINTS OF GRID CASE R 1 5 .1
AXIAL FORCE COEFFICIENTS
FACTOR = .63199E 0 KN
TOP LAYER OF 6RID CASE R 15 .1
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AXIAL FORCE COEFFICIENTS
FACTOR = .76892E 0 KN
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•  286 *  326 *  366 •  117 # 1 6 7  # 1 5 2  #  366 •  318 •  2 lS
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•  322 # 1 8 8  #  588 #  168 0  788 # 1 7 6  #  683 #  188 *  338
•  281 * 3 1 5  # 1 6 8  # 5 2 8  #  S36 #  SSS #  538 # 1 7 3  •  351 * 2 8 6
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AXIAL FORCE COEFFICIENTS
FACTOR = .81639E 0 KN
WEB flENBERS OF 6RID CASE R 15.2
•  318 •  187 •  321 •  318
•  32S 9  176 0  573 O  577 •  188 •  337
•  382 •  S21 0 661 0 718 0 S7S •  S33 •  318
0 165 0 687 0  823 0  835 0 716 *  188
•  233 0 613 0  853 0  332 0  878 0 677 *  325
•  513 0 812 0  853 0  863 0 838 0  588
•  126 0 718 0  818 0  1888 0  338 0 7l6 * 1 7 1
•  513 0 812 ©  SSS 0  363 0 833 •  S88
•  233 0 613 0  8S3 0  332 0  878 0 677 •  32S
•  165 0 637 0  828 0  83S 0 7 I6  •  188
•  382 •  521 0 663 0 718 0 67S •  533 •  318
•  325 •  176 •  573 0  S77 •  188 *  337
DEFLECTION COEFFICIENTS
FACTOR = -.1759E 0 mm
BOTTOfl JOINTS OF GRID CASE R 15.3
•121 -168 -131 -U S  -218 -217
AXIAL FORCE COEFFICIENTS
FACTOR = .90328E 0 KN
TOP LAYER OF GRID CASE R ] 5.3
11 133 281 327 279 270
AXIAL FORCE COEFFICIENTS
FACTOR = .81197E 0 KN
BOTTOfl LAYER OF GRID CASE R15.3
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